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on the one or more channels. An apparatus of a HEW station is also dis-
closed. The HEW station including circuitry configured to receive a packet
that indicates a MU-RTS that indicates channels on which the HEW station is
to transmit a CTS, and to determine whether to send the CTS.
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APPARATUS, COMPUTER READABLE MEDIUM, AND METHOD FOR
MULTE-USER REQUEST-TO-SEND FOR WIDE CHANNEL ACCESS IN A
HIGH EFFICIENCY WIRELESS LOCAL-AREA NETWORK

(v

PRIORITY CLAIM

10 {0601 This application claims the benefit of priority to U S, Patent
Application Sertal No. 14/849,069, filed September 9, 2015, which claims the
benetit of prionity to U.S. Provisional Patent Application Serial No. 62/152,110,
filed April 24, 2013, each of which is incorporated herein by reference in its
entircty.

]

TECHNICAL FIELD

0602} Embodiments relate to Institute of Electrical and Electronic

20 Engingers ({EEE} 802 11 Some embodiments relate to high-efficiency wircless
local-arca networks (HEWs). Some embodiments relate to TEEE 802.1 lax.
Some embodiments relate to multi-user request-to-send (MU-RTS) and clear-to-
send (CT5}. Some embodiments relate to MU-RTS with availability reports.
Some embodiments relate to reallocating downlink resources based on a

25 bandwidth availability report prior to a trigger frame. Some embodiments relate

to bandwidth mdication frames and/or bandwidth availability triggers,

BACKGROUND
30
[0003] Efficient use of the resources of a wireless local-area network
{WLAN) 1s important to provide bandwidih and acceptable response times to the
users of the WLAN. However, often there are many devices trving to share the

same resources and the devices may interfore with one another. Additionally, it

a3
(o

may be difficult for wireless devices to be aware of resources available to other

i
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wireless devices. Moreover, wircless devices may need to operate with both

newer protocols and with legacy device protocols.

5 BRIEF DESCRIPTION OF THE DRAWINGS

[O004] The present disclosure is itHustrated by way of example and not

limitation in the figures of the accompanying drawings, in which like references

ndicate similar elements and in which:

10 j06605) FIG. 1 illustrates a wircless network in accordance with some
embodiments;
{0606} FI1G. 2 illustrates a method of MU-RTS and MU-CTS in

accordance with some embodiments;
[0007] F1G. 3 illustrates methods of transmitting CTS responses n

13 accordance with some emboduments;
[B008] FIGS. 4-7 dlustrate methods of transmitting CTS responses in
accordance with some embodiments;
{0009} FIG. § llustrates a method of transmutting CTS responses n
accordance with some embodiments;

20 [{0019) FIG. 9 illustrates bandwidth indication signaling in accordance
with sonic embodiments;
o111} FIG. 10 stlustrates of a method of transmiiting CTSs 1o
accordance with some embodiments.
[06012] FIG. 11 iHustrates a method for sending a trigger frame in

25 accordance with some embodiments;
0613} FI1G. 12 Hustrates a method for a bandwidth availability report in
accordance with some embodiments;
{001 4] F1G. 13 iHustrates a method for a bandwidth availability report in
accordance with some embodiments;

30 [0B15] FIG. 14 iHlustrates examples of a bandwidth availability report
accordance with some embodiments;
{6616} FIG. 15 idlustrates a method for a bandwidth availability report in

accordance with some embodiments;
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{6017 FIG. 16 iHustrates a bandwidth availability report in accordance

with some embodiments;

{06018} FIG. 17 illustrates that the bandwidth availability trigger may be
transnutted after the MU-RTS m accordance with some embodiments; and
5 {0019 FI1G. 18 iHustrates a HEW station in accordance with some
embodiments,
DESCRIPTION
10
06241 The following description and the drawings sufficiently illustrate

specific embodiments to enable those skilled m 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
15 substituted for, those of other embodiments. Embodiments set forth i the claims
encompass all available equivalents of those claims.
{06621} FIG. 1 illustrates a WLAN 100 in accordance with some
embodiments. The WLAN may comprise a basis service set (B85} 100 that may
mclude a master station 102, which may be an AP, a plurality of high-efficiency
20 wireless (HEW) (e.g., IEEE 802 1lax) STAs 104 and a plurality of legacy {c.g.,
{EEE 802.1 In/ac) devices 106
[0022] 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
25 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 (CDOMA). The TEEE 802 11 protocol may include a multiple
access technique. For example, the IEEE 802.11 protocol may include space-
30 division multiple access (SDMA) and/or multiple-user multiple-input multiple-

cutput (MU-MIMQO}.
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06023} The legacy devices 106 may operate in accordance with one or
more of IEEE 802.11 a/g/ag/n/ac, or another legacy wircless communication
standard. The legacy devices 106 may be 5TAs or IEEE STAs.

{0624} The HEW STAs 104 may be wireless transmit and receive
devices such as cellular telephone, smart telephone, handheld wireless device,
wircless glasses, wireless watch, 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 wireless protocol. In some embodiments, the
HEW STAs 104 mav be termed high efficiency (HE) stations.

[0025] The BSS 100 may operate on a primary channel and one or more
secondary channels or sub-channels. The BSS 100 may include one or more
master stations 102, In accordance with some embodiments, the master station
102 may communicate with one or more of the HEW devices 104 on one or
maore of the secondary channels or sub-channels or the primary channel. In
accordance with some emboduments, the master station 102 communicates with
the legacy devices 106 on the primary channel. In accordance with some
embodiments, the master station 102 may be configured to communicate
concurrently with one or more of the HEW STAs 104 on one or more of the
secondary channels and a legacy device 106 utilizing only the primary channel
and not utilizing any of the secondary channels.

[B026] The master station 102 mayv commumnicate with legacy devices
106 n accordance with legacy TEEE 802,11 commumnication techmigques. In
gxample embodiments, the master station 102 may also be configared to
communicate with HEW STAs 104 in accordance with legacy IEEE 802.11
communication techniques. Legacy IEEE 802.11 communication techniques
may refer to any IEEE 802.11 communication technique prior to IEEE 802 11ax.
{6627} In some embodiments, a HEW frame may be configurable to have
the same bandwidth as a sub-channel. In some embodiments a sub-channel may
have a bandwidth of one of the following: 20MHz, 40MHz, or 80MHz,
160MHz, 320MHz contiguous bandwidths or an 80+80MHz (160MHZz) non-
contiguous bandwidth, In some embodiments, a sub-channel may have a

bandwidth of | MHz, 1 25MHz, 2.0 MHz, 2.02 MHz, 2 5MHz, 5MHz and
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10MHz, or a combination thercof or another bandwidth that s less or equal to
the available bandwidth, may also be used.
[0028] In some embodiments the bandwidth of the subchannels are
multiples of 26 {c.g., 26, 52, 104, etc.} tones that are spaced by 20 MHz or 256
tones sub-channels. In some embodiments the sub-channels are multiple of 26
tones or a multiple of 20 MHz, In some embodiments a 20 MHz sab-channel
may comprise 256 tones for a 256 point Fast Fourier Transtorm (FFT). A HEW
frame may be configured for transmitting a number of spatial streams, which
may be in accordance with MU-MIMO.
{06029} In some embodiments a basic allocation or resource unit may be
26 or 242 subcarriers and the channels and sub-channels may be comprised of a
number of the basic resource units. In some embodiments the basic allocation or
resource unit may be a different number of subcarriers such as 24 10 256, In
some embodiments there may be one or more left over subcarriers in a channel
ot sub-channe! in addition to a number of the basic resource units.
j3338] In other embodiments, the master station 102, HEW STA 104,
and/or legacy device 106 may also implement different technologies such as
code division multiple access (CDMA) 2000, CDMA 2000 1X, CDMA 2000
Evolution-Data Optimized (EV-BO), Intenm Standard 2000 (I5-2000}, Interim
Standard 95 {15-95), Interim Standard 856 (18-856), Long Term Evohition
{(L.TE}, Global System for Mobile communications (GSM), Enhanced Data rates
for GSM Evolution (EDGE), GSM EDGE (GERAN), IEEE 802.16 (1.¢.,
Worldwide Interoperability for Microwave Access (WiMAX)}, BlueTooth®, or
other technologies.
16631} Some embodiments relate to HEW communications. In
accordance with some IEEE 802 11ax embodiments, a master station 102 may
operate as a master station which may be arranged to contend for a wireless
medium {¢.g., during a contention period} to reccive exclusive control of the
medium for an HEW control period. Tn some embodiments, the HEW control
period may be termed a transmission opportunity (TXOP). The master station
102 may transmit a HEW master-sync transmission, which may be a trigger
frame or HEW control and schedule transnussion, at the beginning of the HEW
control period. The master station 102 may transmit a time duration of the

5
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TXOP and sub-channel information. Daring the HEW control period, HEW
STAs 104 may communicate with the master station 102 in accordance with a
non-contention based multiple access technique such as OFDMA or MU-MIMO.
This 1s unlike conventional WLAN communications in which devices
communicate in accordance with a contention-based commumication technigue,
rather than a multiple access technigue. During the HEW control period, the
master station 102 may communicate with HEW stations 104 using one or more
HEW frames. During the HEW control period, the HEW STAs 104 may operate
on a sub-channel smaller than the operating range of the master station 102.
Durning the HEW control period, legacy stations refram from communicating. In
accordance with some embodiments, during the master-syne transmission the
HEW STAs 104 may contend for the wireless medium with the legacy devices
106 being exchuded from contending for the wircless medivm during the master-
syne transmission.
066321 In some embodiments, the multiple-access technique used during
the HEW control period may be a schedoled OFDMA technigue, although this is
not a requirement. {n some embodiments, the multiple access technigue may be
a TDMA techmque or a frequency division multiple access (FDMA) technique.
In some embodiments, the multiple access technmigue may be a SPMA technique.
{0633} The master station 102 may also communicate with legacy
stations 106 and/or HEW stations 104 in accordance with legacy IEEE 802 .11
cornmunication techniques. In some embodiments, the master station 102 may
also be configurable to communicate with HEW stations 104 outside the HEW
control period in accordance with legacy 1EEE 802.11 communication
techmques, although this is not a requirement.
10634} In example embodiments, the HEW device 104 and/or the master
station 102 are configured to perform the methods and functions herein
described 1n conjunction with FIGS. 1-18,
j3335] FIG. 2 illustrates a method 200 of MU-RTS and MU-CTS in
accordance with some embodiments. Hlustrated o FIG. 2 1s ttime 204 along a
horizontal axis and frequency 202 along a vertical axis. The method 200 may
begin at operation 250 with the master station 102 transnutting in a MU-RTS
phase 206. The master station 102 may transmit to one or more HEW 5§TAs 104
6
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an indication of a request to transmit a CTS packet. The method 200 may
continue at operation 252 with the HEW 5TAs 104 transmitting in a MU-CTS
phase 208, The MU-CTS phase 208 compriscs one or more HEW STAs 104
transmitting a MU-CTS. The method 200 may continue at operation 254 with
5 downlink (DL) MU-DATA 210 being transmitied by the master station 102 to

one or more HEW 5TAs 104, The one or more HEW STAs 104 that receive BL
MU-DATA 210 may be a different set of HEW 5TAg 104 than the HEW STAs
104 that transmitted MU-CTSs i the MU-CTS phase 208. The ong or more
HEW STAs 104 that receive DL MU-DATA 210 may be a different set of HEW

10 STAs 104 than the HEW STAs 104 that were addressed in the MU-RTS phase
206 transmitted by the master station 102.
08636} The method 200 may continue at operation 256 with the ong or
more HEW STAs transmitting uplink multi-user acknowledgements (UL MU-
ACKSs) 212 to the master station 102, The method 200 mav end. In some

15 embodiments one or more operations may be repeated.
{6037} FIG. 3 illustrates methods of transmitting CTS responses
accordance with some embodiments. Hlustrated in FIG. 3 13 time 304 along a
horizontal axis and frequency 302 along a vertical axis. The method 300
tHustrates a HEW STA 104 transmitting a CTS response 310 on multiple 20

20 MHz channels 306. The CTS response 310 may be duplicated so that the CTS
response 310.1 1s the same as the CTS response 310.2 but transmitted on a
different 20 MHz channel 306. The method 350 iHustrates a HEW STA 104
transmitting a CTS response 312 on four contiguous 20 MHz channels to form a
30 MHz channel 308, In some embodiments a different bandwidth may be used

25 forthe 20 MHz channels 310 and/or 80 MHz channel 308, In some
embodiments, the HEW S5TA 104 may be configured to transnut CTS responses
310 that are different for the different 20 MHz channels 306, In some
cmbodiments one of the 20 MHz channcls 306 may be a primary chanpel. For
example, 20 MHz channel 306.1 may be a primary channel.

30 [B638) In some embodiments, a HEW STA 104 and/or master station
102 mav not be able io transmif TS responses 310 on non-contiguous 20 MHz

channel 306, For example, a HEW STA 104 may be imited in not being able to

-
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transmit on 20MHz channel 306.1 and 20MHz channel 306.3 simultaneously
without also transmitting on 26 MHz channel 306.2.
{06039} FIGS. 4-7 illustrate methods of transmitting CTS responses in
accordance with some embodiments. Hustrated in FIGS. 4-7 15 time 404 along a
5 horizontal axis and frequency 402 along a vertical axis. The frequency 402 may

comprise different channels. For example, as dlustrated, the frequency 402
coraprnses four 20 MHz channels 406. Different bandwidths may be used and a
different number of chamnels may be used. One 20 MHz channel 406 mav be a
primary chaonel, which, as ilustrated, is 20 MHz channel 406.1. One 20 MHz

10 channel 406 may be a secondary channel, which, as illustrated, 15 20 MHz
channel 406.2,
{6048} The HEW STA 104 transmits CTS responses 410, 518, 616, 710
Ag illustrated the CTS responses 410, 510, 610, 710 may be the same, but in
some embodiments the CTS responses 410, 510, 610, 710 may be different for

I35 one or more of the channels.
0041} FIG. 8 will be disclosed i conjunction with FIGS. 4-7. FIG &
tHustrates a method of transoitting CTS responses m accordance with some
embodiments. Hlustrated m FIG. 8 is time 404 along a horizontal axis and
frequency 402 along a vertical axis. A HEW S§TA 104 may perform

20 observations of 20 MHz channels 406. The observation may include, for
example, a clear channel assessment, a busy condition, and/or a NAY condition
of the 20 MHz channel 406, OUbservations may determine that a 20 MHz
channel 406 is unavailable, available, or in some embodiment indeterminate.
For example, as iHlustrated, 20MHz channels 406.1, 406 3, and 406 4 are

25 available 802.1, 802.2, and 802 .3, respectively. 20 MHz channel 406.2 18
gnavailable 804, For example, the HEW STA 104 may determine that channel
406 .2 has a NAV set to indicate not to transmit on 20 MHz channel 406.2, or the
HEW STA 104 may perform a clear channel assessment and determine that the
20 MHz channel 406.2 is not clear.

30 [6842] In some embodiments, the HEW STA 104 does not know which
2{ MHz channel 406 the master station 102 {s going to transmit packets to the
HEW STA 104, The HEW STA 104 may be responding to 2 RTS or MU-RTS.
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The HEW STA 104 may periodically or in response to a RTS, MU-RTS, trigger
frame, or another packet, atterupt to observe the 20 MHz channels 406.
{0043} in some embodiments the HEW STA 104 may transmit CTS
responses 410, 510, 610, 710 only on 20 MHz channels 406 that determined to
5 be available based on an observation of the channel. In some embodiments the
HEW 5TA 104 may atterapt to transmit CTS responses 4190, 510, 6190, 710 only
on as many 20 MHz channels 406 that the HEW STA 104 can based on
chservations and based on constraints of the HEW STA 104, ¢.g. that the HEW
STA 104 may only be able to transmit on contigaous 20 MHz channpels 406.

10 |0044] In some embodiments, the HEW 8TA 104 may be limited to only
transmit on contiguous 20 MHz channels 406, The HEW STA 104 may choose
to transmit CTS responses 410, 310, 610, 710 on the largest contiguous
bandwidth. For example, in FIG. 4, the HEW STA 104 may choose to transmit
on 20 MHz channels 4062 and 406.3, with CTS response 410.1 and 410.2,

15 respectively.

[0045] In some embodiments, the HEW STA 104 may be configared to
transmit on the primary 20 MHz chanue! 406.1, and may transmit on the largest
number of contiguous 20 MHz channels 406 that include the primary 20 MHz

channel 406.1. For example, in FIG. 5, the HEW 5TA 104 may transmit g TS

20 response 510.1 and 510.2, on the primary 20 MHz channel 406.1 and a second
20 MHz channel 406 .2, respectively. The HEW STA 104 may not have
transmitied on 20 MHz channel 406.3 because it may have been unavailable.
The HEW STA 104 may not have transmitted on 20 MHz channel 406 .4 because
1t was not contiguous with an avaiable 20 MHz channel 406,

25 [0046] In FIG. 6, the HEW STA 104 transmits CTS response 610.1 and
610.2 to include the primary 20 MHz channel 406, In FIG. 6, the HEW STA
104 is not constramed to only transmit on contiguous 20 MHz channcl 406.
[0047] In FIG. 7, the HEW 5TA 104 is not constrained to only transmit
CTS responses 710 on contiguous 20 MHz channels 406, The HEW STA 104

30 may transmit CTS responses 710.1, 710.2, and 710.3 on 20 MHz channels 406.1,
4063, and 406 4, respectively. The HEW STA 104 may not transmit on 20
MHz channel 406.2 because the observation may determine that the 20 MHz
channel 406.2 is unavailable.

9
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06048} In some embodiments, the HEW STA 104 may transmit CTS
responses 4190, 510, 6190, 710 on 20 MHz channels 406 where a CTS responses
410, 510, 610, 710 1s not necded {c.g., the master station 102 may not transmit
data on the 20 MHz channel 406), or the HEW STA 104 may not transmit a CTS

5 response 410, 310, 610, 710 on a 20 MHz channel 406 that needs a CTS
responses 410, 510, 610, 710 {e.g., the 20 MHz channel 406 may be observed as
unavailable or the HEW STA 102 may be constramed to only transmit on
contiguous 20 MHz channcls 406 and not have selected a 20 MHz channel 406
the master station 102 i1s going to use to send data to the HEW STA 104),

160 [6049] FIG. 9 illustrates bandwidth indication signaling 900, 950 1n
accordance with some embodiments. The bandwidth indication signaling 900
may include a bandwidth 902 and a station{s} 904, The bandwidth 902 may be
an indication of a bandwidth and station{s) 904 may be an ndication of one or
more HEW stations 104. The bandwidth indication signaling 900, 950 may be

15 mcluded 1n a packet from the master station 102 to one or more HEW STAg 104
to indicate the bandwidth the master station 102 intends to transmit on.

{0055] Bandwidth indication signaling 930 is an cxample of bandwidth
mdication signaling 900 for an 80 MHz bandwidth. Indication of primary 20
MHz band 906 may be an indication of whether the primary 20 MHz band will

20 beused. The hist of stations 90¥, 912, 916, 920, may be an mdication of which
stations should transmit a CTS on the corresponding band 906, 910, 914, 918 if
the band indicates the band will be used. The list of stations 908, 912, 916, 920
may be an indication of which stations the master station 102 mtends to transmit
data to on the corresponding indication of the band 906, 910, 914, 918,

25 (6051 Similarly, indication of secondary 20 MHz band 210, mdication
of upper 20 MHz mn secondary 40 MHz band, mdication of lower 20 MHz in
secondary 40 MHz band, may be an indication of whether the secondary 20
MHz band, upper 20 MHz in sccondary 40 MHz band, and of fower 20 MHz in
secondary 40 MHz band, respectively, will be used.

30 [pes2) FIG. 10 tHustrates of a method 1000 of transmitting CTSs in
accordance with some embodiments. The method 1000 may optionally begin at

operation 1002 with receiving bandwidth indication. For example, a HEW STA
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104 and/or master station 102 may receive bandwidth indication signaling 900,
950.
[0053] The method 1000 mayv optionally continuc at operation 1004 with
observing channels. For example, the HEW STA 104 may perform observations
5 asdisclosed m conpunction with FIG. 8.

HEERE Y The method 1000 may continue at operation 1006 with
determining on which channels to transmit CTSs. For example, the HEW STA
104 may determine whether to transmit on a channel based on the observations.
The HEW STA 104 could transmit CTSs only on channels that are observed to

10 be available. In some embodiments, the HEW STA 104 may ounly transmit on
channels mndicated in the bandwidth indication signaling. In some embodiments,
the HEW STA 104 may only transmit on channels indicated in the bandwidth
imdication signaling and channels that are observed as available. In some
crbodiments, the HEW STA 104 may only transnmit CTSs on contiguous

15 channels. In some embodiments, the HEW STA 104 may only transout on
channels mdicated in the bandwidth indication signaling, channels that are
observed as available, and contiguous channels. I there are more than one
contiguous 20 MHz bands, the HEW STA 104 may choose do one or more of
the following: choose the largest contiguous channels, randomly select

20 contiguous channels, choose the contiguous channels that include the primary
channel.
[O055] The method 1000 may continue. There 15 at least one channel 1o
transmit a CTS on, at operation 1010 tranamitting CTSs on the determined
channels. For example, the HEW STA 104 mayv determine which channels to

25 transmit at operation 1008 and then transmit on the determined channels at
operation 1010, The HEW 5TA 104 may transmit separate CT5 on each
channel or may transmit a TS with a bandwidth of two or more channels. At
operation 1008, if there arc no channels to transmit a CTS on, then the method
1000 may return to operation 1002, At operation 1010, the method 1000 may

30 return to operation 1002.
{3056] FIG. 11 iHustrates a method for sending a trigger frame in
accordance with some embodiments. The method 1100 may begin at operation
1101 with generating an original allocation. For example, a master station 102

i1
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may generate an original allocation intended for a transmission opportanity for
one of more HEW STAs 104, The transmission opportunity may include an
assignment of channels with HEW 5TAs 104 and a duration of the transmission
opporiunity.
{8657} The method 1100 may optionally continue at operation 1102 with
sending a bandwidth availability trigger. For example the master station 102
may fransmit a bandwidth availability trigger 1206 as disclosed m conjunction
with FIG, 12
[0058] The method 1100 may optionally continue at operation 1103 with
receiving bandwidth availability reports. For example, the master station 102
may receive bandwidth availability reports 1208 as disclosed in conjunction with
FIG. 12
{0059} The method 1100 may optionally continuc at operation 1104 with
send MU-RTS? For example, the master station 102 may determine based on
not recetving or on the received bandwidth availability reports 1208 not to
continue with a transmission opportunity and/or not to send MU-RTSs. The
method 1100 may return to operation 1101 or end if the master station 102
determines not to send an MU-RTS.
{6664} The method 1100 may continue at operation 1105 with sending
MU-RTSs. For example, a master station 102 may send MU-RTSs as disclosed
herein. The master station 102 may send the MU-RTS only on a primary
channel or may repeat the MU-RTS on multiple channels. The master station
102 may determine which channels and/or which HEW stations 104 to send the
MU-RTS for based on the received bandwidth avaidlability reports. For example,
the master station 102 may not send a MU-RTS for a channel that is indicated as
not available.
{0061} The method 1100 may continue at operation 1106 with receiving
CTS responses.  For example, the master station 102 may receive any CTS
responses from the HEW stations 102, The master station 102 may decode CTS
responscs on each 20 MHz channel. The master station 102 may receive CTS
responses on a bandwidth, e.g. 80 MHz, 160 MHz, or 320 MHz.
18062} The method 1110 continues at operation 1108 with determining
whether to change the original allocation. For example the master station 102
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may determine that there were no CTS responses on the primary channel. The
master station 102 could determine to stop the transmission opporunity and send
a contention free end (CF-end). The master station 102 could determine to
change the allocation on the primary channel and add additional stations on the
5 prmary channel. The master station 102 may prepare an additional packet for

an additional HEW 5TA 104 before sending the MU-RTS so that the packet is
available to send tmmediately. The master station 102 could determine to
transmit another frame that will il the duration of the primary channel for the
ransmission opportunity.

10 j0663) The master station 102 may determine to continue with the
original allocation even if there are no CTS responses on the primary channel.
In some embodiments, the master station 102 may determing to transmit a CF-
end if there are no LTS responses on any of the chanoels. I the master station
102 receives no CT'S responses on the primary channel, but does receive one or

15 more CTS responses on another channel, then the master station 102 may
determine to change the original allocation by changing the allocation for the
primary channe! and optionally other channels where a CTS was not received.
The master station 102 may prepare contingency allocations. In some
embodiments, the master station 102 may transmit another frame on the primary

20 channegl if no CT5S is received on the prmary channel
[0064] if the master station 102 observes no CTS responses on a given
20 MHz channel, but does receive CTS responses on at least one channel, then
the master station 102 may do the followimg. The master station 102 may
change the allocation for any channel where there is not a CTS response. The

25 master station 102 may determine not to transmit on a channel where 2 CTS
response was not received. The master station 102 may determine to transmit on
anv channel where the master station 102 received a CTS response.
[0065] The method 1100 continues at operation 1110 with change
original allocation. If the master station 102 determines not to change the

30 original allocation, then the method 1100 continues at operation 1112 with
transmit the tngger frame with original allocation.
[8066] If the master station 102 determines to change the onginal
allocation then the method 1100 optionally continues at operation 1114 with
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determining whether to abort the TXOP. For example, if the master station 102
determings to abort the TXOP, then the method 1100 continues at operation
1116 with aborting TXOP. For cxample, the master station 102 could transmit a
CF-end. It at operation 1114, the master station 102 determines not to abort the
5 TXQOP, then the method 1100 continues at operation 11138 with changing onginal

allocation. For example, the master station 102 may change the original
allocation as described above, or in some embodiments the master station 102
may create a new allocation. In some embodiments the master station 102 may
generate an allocation that has contingencies for cach channel.

16 [6067] The method 1100 may continue at operation 1120 with
transmitiing in accordance with new allocation. For example, the master station
102 may change the original allocation and transmit a trigger frame with a new
allocation. In some embodiments the original allocation may have been
transmitied and the master station 102 may simply transout with a different

15 allocation than the oniginal allocation with sending a new allocation. The
method 1100 may end.
[0068] In some embodiments the master station 102 ondy has SIFS time
after receiving the TS responses to change the original allocation. Tn some
embodiments the master station 102 cannot differentiate the CTS responses from

20 the HEW 5TAs 104, For example, in some embodiments, the CTS responses do
not include a transmitter address. In other example, the CTS respounses may
mierfere with one another.
j6369] FIG. 12 llustrates a method 1200 for a bandwidth availability
report in accordance with some embodiments. Hlustrated 1o FIG. 12 15 time

25 1204 along a honzontal axis and frequency 1202 along a vertical axis. The
method 1200 may begin at operation 12350 with transmitting a bandwidth
availability trigger 1206, For example, the master station 102 may transmit a
bandwidth availability trigger 1206 o multiple HEW STAs 104, In some
embodiments, HEW STAs 104 and resource allocations for responses are

30 indicated i the bandwidth availability trigger 1206, In some embodiments the
bandwidth availability tngger 1206 may be termed a bandwidth poll. The
bandwidth availability trigger 1206 may include a total bandwidth indication.
The bandwidth availabihty trigger 1206 may be combined with another packet.
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The bandwidth availability trigger 1206 may be transmitted on multiple
channels. The bandwidth avalability trigger 1206 may include an indication of
HEW STAs 104 and a resource allocation for the bandwidth availability report
1208. For example, the resource allocation may indicate a channel of § MHz for
5 the HEW STA 104 to transmit the bandwidth availability report 1208 on.
[0078] The method 1200 may continue at operation 1252 with one or
more HEW STAs 104 transmitting a bandwidth availability report 1208, The
HEW STAs 104 may transmit the bandwidth availability report according to
resource allocations indicated in the bandwidth availability trigger 1206.

10 Bandwidth availability reports 1400 and 1450 are cxamples of bandwidth
availabiiity reports 1208 and are describe in conjunction with FIG. 14, In some
embodiments, ¢.g. as described m conpunction with FIG, 15, the bandwidth
availability report 1208 may only include a legacy preamble and high-efficiency
{HE) preamble that is transmitied in accordance with a resource allocation in the

15 bandwidth availability trigger 1206, The method 1200 may end.

LEE FIG. 13 iHustrates a method 1300 for a bandwidth availability
report in accordance with some embodiments. Hlustrated in FIG. 13 1s time
1304 along a honzontal axis and frequency 1302 along a vertical axis. There are
two 20 MHz channels 13061 and 1306.2 illustrates although more or fower

20 channels may be signaled.

[0072] The method 1300 begins at operation 1350 with the master station
102 tramsmitting bandwidth availability trigger 1308.1 and 1308.2. The
bandwidth availability triggers 1308 may include an indication of four HEW
STAs 104 as well as a resource allocation which may be a sub-channel for cach

25 ofthe HEW STAs 104 to transmit the bandwidth availability report 1314 on.
{6673} The method 1300 continues at operation 1352 with common
legacy preamble by STA 1 and STA 2 1310.1 and common legacy preamble by
STA 413102, STA 1, STA 2, STA 3, and STA 4 may be HEW STAs 104
STA 1, STA 2, and STA 4 transmitted a common legacy preamble in accordance

30 with a resource allocation in the bandwidth availability triggers 1308, STA 3 did
not response despite being indicated in the bandwidth availability triggers 1308.1
and 1308.2. 5TA 3 may not have received the bandwidth availability triggers

1308.
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[0074] Other HEW 5TAs 104 may have received the bandwidth
avatlability triggers 1308, but may not have responded because they were not
mdicated in the bandwidth availability triggers 1308,
[8675] The method 1300 may continue at operation 1354 with HEW
5 STAs 104 wansmitting HE-preamble by §TA 1 1312.1, HE-preamble by 8TA 2,

and HE-preamble by STA 4 1310.2. STA | may be transmit HE-preamble by
STA 113121 in accordance with a resource aliocation in bandwidth availability
trigger 1308.1. §TA 2 may be transmit HE-preamble by STA 2 13122 1
accordance with a resource allocation in bandwidth availability trigger 1308.1.

10 STA 4 may be transmit HE-preamble by STA 4 1312.3 in accordance with a
resource allocation m bandwidth availability trigger 1308.1.
{6876} The method 1300 continues at operation 1356 with HEW STAs
104 transmitting bandwidth availability report by STA 1 13141, bandwidth
availabtlity report by 8TA 2 1314.2, and bandwidth availability report by 5TA 4

15 13143 Forexample, STA | may transmit a bandwidth availability repori {e.g.,
1400, 1450) 10 accordance with the resource allocation in bandwidth availability
trigger 1308.1. 8TA 2 may transmit a bandwidth avallability report (e.g., 1400,
1450} in accordance with the resource allocation in bandwidih availability
trigger 1308.1. 5TA 4 may transmit a bandwidth availability report (e.g., 1400,

20 1450) in accordance with the resource allocation in bandwidth availability
trigger 1308.1. The method 1300 may end.
{6677 FIG. 14 stlustrates examples of a bandwidth availability report
1400, 1450 1n accordance with some embodiments. The bandwidth availability
report 1400 may include an indication of band 1402 and indication of

25 availability 1404, The bandwidth availability report 1450 is another example of
a bandwidth availability report. For example, the indication of band 1402 may
imdicate the report is for 86 MHz. For example, indication of band 1406
mdicates an 80 MHz band. In some embodiments the indication of band 1402
may be imphied by a commumication standard or indicated in a bandwidth

30 avalability trigger {e.g., 1206).
{3078] The indication of availabiiity 1404 may be a bit map of channel
availabiiity. For example, 1408 indicates a 1 that may ndicate that the primary
channel 1s available. 1410 may indicate that a secondary 20 MHz channel is not
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available. 1412 may indicate that an upper 20 MHz in the lower 40 MHz is not
available. 1414 may indicate that a lower 20 MHz in the lower 40 MHz is
available.

{6679} FIG. 15 dlustrates a method 1500 for a bandwidth availability
report in accordance with some embodiments. Hlustrated i FIG. 15 18 time
1504 along a honzontal axis and frequency 1502 along a vertical axis. There are
two 20 MHz channcls 1506.1 and 1506.2 illustrates although more or fewer
channels may be signaled.

{089] The method 1500 begins at operation 1550 with the master siation
102 transmitting bandwidth availability trigger 1508.1 and 1508.2. The
bandwidth availability triggers 1508 may include an indication of four HEW
STAs 104 (5TA 1, STA 2, 8TA 3, and STA 4} as well as a resource allocation
which may be a sub-channel for cach of the HEW 5TAs 104 to transmit the
bandwidth availability report 1314 on. The STAs may be HEW S5TAs 104
3381} The method 1500 continues at operation 1532 with common
legacy preamble by 5TA 1 and STA 2 15310.1 and common legacy preamble by
STA 415102 STA 1, 8TA 2, and STA 4 transmitied a common legacy
preambie in accordance with a resource allocation in the bandwidth availability
tnggers 1508, 5TA 3 did not response despite being indicated in the bandwidth
availability triggers 1508.1 and 15068.2. STA 3 mayv aot have received the
bandwidth availability triggers 1508,

{6082} Other HEW STAs 104 may have received the bandwidth
avatlabtiity triggers 1508, but may not have responded because they were not
mdicated in the bandwidth availability triggers 15038,

{0683} The method 1500 continues at operation 1554 with STA 1, STA
2, and STA 3 transmitting HE-preamble by STA 1 1512.1, HE-preamble by §TA

]

, and HE-preamble by §TA 4 1512 3, respectively. The master station 102 mayv
mterpret the HE-preamble being transmitted in accordance with the resource
ajlocation indicated in bandwidth availability triggers 1508 as an indication that
the chamnels are available. §TA 3 not transoutting a HE-preamble on sub-
channel | and sub-channel 2 of 20 MHz 1506.2 may mdicate that STA 3 did not
recerve the bandwidth availability triggers 1508 or that the channels mdicated in
the bandwidth availability trigger 1508 for 5TA 3 are not available. The master
£7
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station 102 may interpret the responses form the STAs and determine resounrce
allocations based on the responses. The method 1500 may end.
{0084} FIG. 16 iliustrates a bandwidth availability report 1608 in
accordance with some embodiments. Hustrated in FIG. 16 s time 1604 along a
5 horizontal axis and frequency 1602 along a vertical axis. The master station 102

may transmit a bandwidth availabiiity trigger 1606 as disclosed herein. The
master station 102 may set NAY 1612 to extend past the bandwidth availability
reports 1608 and have a duration that lasts to or past a MU-RTS 1610,
[3085] FIG. 17 iHlustrates that the bandwidth availability trigger 1714

10 may be transmitted after the MU-RTS 1710 n accordance with some
embodiments. The master station 102 may transmit a MU-RTS 1710 to one or
more HEW 5TAs 104, One or more HEW 8TAs 104 may responds with CTSs
1712. The master station 102 may then transmit the bandwidth availability
trigger 1714, The HEW STAs 104 may then respond with bandwidth

15 avalability reports 1716, In altemative embodiments, the bandwidth availability
trigger 1714 may be transmitted before the MU-RTS 1710
{0086} FIG. 18 illustrates a HEW station 1800 in accordance with some
embodiments. HEW station 1800 may be a HEW compliant device that may be
arranged to communicate with one or more other HEW stations, such as HEW

20 stations 104 (FIG. 1} or master station 102 (FIG. 1) as well as commumnicate with
legacy devices 106 (FIG. 1. The HEW station 1800 may be a master station
102 or access point. HEW stations 104 and legacy devices 106 may also be
referred to as HEW devices and legacy stations {§TAs), respectively, HEW
station 1800 may be suitable for operating as access point 102 (FIG. 1yoran

25 HEW station 104 (FIG. 1}, In accordance with embodiments, HEW station 18060
may include, among other things, a transmit/receive element 1801 (for example
an antenna), a transcetver 1802, physical layer (PHY'} circuttry 1804, and
medium-access control layer curcurtry (MAC) 1806, PHY 1804 and MAC 1806
may be HEW compliant layers and may also be compliant with one or more

30 legacy IEEE 802.11 standards.
[6087) MAC 1806 may be arranged to configure physical protocol data
units (PPDUs) and arranged 1o transmit and receive PPDUs, among other things.
HEW station 1800 may also include other circuitry 1808 and memory 1810

i8



WO 2016/171796 PCT/US2016/020366

10

20

30

configared to perform the various operations described hercin. The circuitry
1808 may be coupled to the transceiver 1802, which mav be coupled to the
transmit/receive element 1801, While FIG. 18 depicts the circuttry 1808 and the
transceiver 1802 as separate components, the circuitry 1808 and the transceiver
1802 may be mtegrated together in an clectromic package or chip.

{0088} In some embodiments, the MAC 1806 may be arranged to
contend for a wireless medium dunng a contention period to receive controd of
the medium for the HEW control pericd and configore an HEW PPDU. In some
embodiments, the MAC 1806 may be arranged to contend for the wireless
medium based on channel contention settings, a transmitting power level, and a
clear chaonel assessment (CCA) level.

{06089} The PHY 1804 may be arranged to transmit the HEW PPDUL
The PHY 1804 may include circuitry for modulation/demodulation,
upconversion/downconversion, filtering, amplification, etc. In sone
embodiments, the circuitry 1808 may mclude one or more processors. The
circuitry 1808 may be configured to perform functions based on instructions
being stored in a RAM or ROM, or based on special purpose circuitry,

10694} In some embodiments, the circuitry 1808 may be configured to
perform one or more of the functions described herein in conjunction with FIGS.
1-18 and disclosed herein.

{0091} In some embodiments, two or more antennas 1801 may be
coupled to the PHY 1804 and arranged for sending and receiving signals
mclading transmission of the HEW packets. The HEW station 1800 may
mchude a transceiver 1802 to transmit and receive data such as HEW PPDU and
packets that mclude an mdication that the HEW station 1800 should adapt the
channel contention settings according to settings included in the packet. The
memory 1810 may store mnformation for configuring the other circuitry to
perform operations for configuring and transmitting HEW packets and
performing the various operations described herein in conjunction with FIGS. 1-
18,

[(092] In some embodiments, the HEW station 1800 may be configured
to communicate using OFDM communication signals over a multicarrier

communication channel. In some embodiments, HEW station 1800 may be
9
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configared to communicate i accordance with one or more specific
communication standards, such as the Institute of Electrical and Electronics

E 302.11-20172, 802 110-2009,

Engincers (1IEEE) standards including 1EE
802.11ac~-2013, 802 11ax, DensiF, standards and/or proposed specifications for

5 WLANSg, or other standards as described in conjunction with FIG. 1, although
the scope of the disclosed embodiments 1s not limited in this respect as they may
also be suitable to transmit and/or receive communications in accordance with
other techrigues and standards. In some embodiments, the HEW station 1800
may usc 4x symbol duration of 802.11n or 802.11ac.

16 [6693) In some embodiments, an HEW station 1800 may be part of a
portable wireless commumication device, such as a personal digital assistant
{(PDA), a laptop or portable computer with wireless communication capability, a
web tablet, a wireless telephone, a smartphone, a wireless headset, a pager, an
mstant messaging device, a digital camera, an access point 102, a television, a

15 medical device {e.g., a heart rate monttor, a blood pressure monitor, ¢tc.), a base
station, a transmit/recerve device for a wireless standard such as 802 11 or
802.16, or other device that may receive and/or transmit information wirelessly.
In some embodiments, the mobile device may nclude one or more of a
kevboard, a display, a non-volatile memory port, sudtiple antennas 1801, a

20 graphics processor, an application processor, speakers, and other mobile device
clements. The display mav be an LCD screen including a touch screen,

[6094] The antennas 1801 may comprise one or more divectional or
omnidirectional antennas, including, for example, dipole antennas, monopole
antennas, patch antennas, loop antennas, microstrip antennas or other types of

25 antennas switable for transmission of RF signals. In some multiple-mput
multiple~-cutput (MIMO)} embodiments, the antennas 1801 may be effectively
separated to take advantage of spatial diversity and the different channel
characteristics that may result.

095} Although the device 1800 1s illustrated as having several separate

30 functional elements, ong or more of the functional elements may be combined
and may be implemented by combinations of software-configured elements,
such as processing elements mcluding digital signal processors (DSPs), and/or

other hardware clements. For example, some elements may comprise one or
26
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more microprocessors, DSPs, field-programmable gate arrays (FPGAs),
application specific integrated circuits {ASICs), radio-frequency integrated
circuits (RFICs) and combinations of various hardware and logic circuitry for
performing at least the functions described heremn. In some embodiments, the
functional elements may refer to one or more processes operating on Ong Or MOTE
processing clements.
[0096] Sorme embodiments may be implemented fully or partially in
software and/or firmware. This software and/or firmware may take the form of
mstructions contained in or on a non-transitory computer-readable storage
medium. Those instructions may then be read and executed bv one or more
processors to enable performance of the operations described herein. Those
mstructions may then be read and executed by one or more processors 1o cause
the device 1800 to perform the methods and/or operations described herein. The
mstructions may be in any suitable form, such as but not limited to source code,
compiled code, mterpreted code, executable code, static code, dynamic code, and
the ke, Such a computer-readable medium may include any tangible non-
transitory medium for storing information in a form readable by one or more
computers, such as but not limited o read only memory (ROM}; random access
memory {RAM): magnetic disk storage media; optical storage media; a flash
memory, eic.
[0097] The tollowing examples pertain to further embodiments.
Example | 1s an apparatus of a high-efficiency wireless local-arca network
(HEW) master station. The apparatus including processing circoitry configured
to generate a packet to indicate a multi-user request-to-send (MU-RTS) and to
mdicate one or more channels on which one or more HEW stations are to
transmit a clear-to-send (CT8). And the apparatus mcluding a transceiver
configured to transmit the packet to the one or more HEW stations, and receive
CTS responses to the packet on the one or more channels.
098] In Example 2, the subject matier of Example 1 can optionaily
mclude where the processing circuitry is further configured to generate the
packet to indicate one or more channcls on which one or more HEW stations are
to transmit a CTS and for each of the one or more channcls an ndication of
which of the one or more HEW stations are to transmit the TS,
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[B099] In Example 3, the sobject matter of Examples 1 or 2 can
optionally include where the processing circuitry is further configured to
generaie an allocation for the one or more channels o be used for a transmission
opportunity based on the clear-to-send responses.

5 {00164 In Example 4, the subject matter of any of Examples 1-3 can
optionally include where the processing circuitry is further configured to
determine to abort a transmission opportunity based on the CTS responses, and
the transceiver is configured to transmit a contention free end (CF-end) packet.
{00101} In Example 5, the subject matter of any of Examples 1-4 can

10 optionally include where the channcls are one from the following group: a 20
MHz bandwidth, a 5 MHz bandwidth, a 10 MHz bandwidth, a 2.5 MHz
bandwidth, a 40 MHz bandwidth, an 80 MHz bandwidth, a 160 MHz bandwidth,
and a 320 MHz bandwidth.

{00102} In Example 6, the subject matier of any of Examples 1-5 can

15 optionally include where the transceiver is further configured to transnut a
bandwidth availability trigger to the one or more HEW stations, and receive
bandwidth availability reports 1 response to the bandwidth availability trigger
from the one or more HEW stations, where the bandwidth avaiiability reports
mdicate channel available from one or more of the one or more HEW stations

20 for one or more of the one or more channels.

{00103] In Example 7, the subject matier of Example 6 can optionally
melude where the processing circuitry is further configured to determine an
allocation for a transmission opportunity based on the bandwidth availability
reports; and transmit a second packet comprising the allocation.

25 {06104] In Example 8, the subject matter of Example 6 can optionally
mclude where the bandwidth availability trigger comprises an indication of a
channel and an wndication of one or more of the one or more HEW stations.
{00105] In Example 9, the subject matier of Example 6 can optionally
melude where the processing circuitry is further configure to generate the packet

30 to mdicate a MU-RTS and to indicate one or more channels on which one or
more HEW stations are to transmit a CTS, where the one or more channels and
one or more HEW stations are selected by the master station based on the
bandwidth availability reports.
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[60106] In Example 10, the subject matter of Example 6 can optionally
mclude where the bandwidth availability trigeer further comprises a resource
allocation that mdicates a chanvel on which the one or more HEW stations are to
transmut the bandwidth available reports.

{66107} In Example 11, the subject matter of any of Examples 1-10 can
optionaily include where the CTS responses are received in accordance with at
least one from the following group: orthogonal frequency division multiple
access (OFDMA) multiple-user multiple-input multiple-output (MU-MIMQ),
and orthogonal frequency division multiplexing (OFDM).

106108 In Example 12, the subicct matter of anv of Examples 1-11 can
optionally mclude memory coupled to the processing circuitry.

[86149] In Example 13, the subject matter of Example 12 can optionally
melude one or more antennag coupled to the circuitry,

{00119 Example 14 is a method performed by a high-efficicncy wireless
tocal-arca network (HEW) master station. The method may include generating a
packet to indicate a multi-user request-to-send (MU-RTS) and to indicate one or
more channels on which one or more HEW stations are to transmit a clear-to-
send (CTS), transmutting the packet to the one or more HEW stations. The
method may also nclude receiving CT5 responses to the packet on the one or
more changels.

{60111} In Exarmaple 135, the subject matter of Example 14 can optionally
mclude generating the packet to indicate one or more channels on which one or
more HEW stations are to transmit a CTS and for each of the one or more
channels an indication of which of the one or more HEW stations are to transmit
the CTS.

{66112} In Example 16, the subject matter of Example 14 or 15 can
optionaily include generating an allocation for the one or more channels to be
used for a transmission opportunity based on the CTS responses, and
transmitting a second packet with the allocation for the one or more channels.
[606113] In Example 17, the subject matter of any of Examples 14-16 can
optionally include where the channels are one from the following group: a 20

MHz bandwidth, a 5 MHz bandwidth, a 10 MHz bandwidth, 2 2.5 MHz
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bandwidth, a 40 MHz bandwidth, an 80 MHz bandwidth, a 160 MHz bandwidth,
and a 320 MHz bandwidth.
106114} In Example 18, the subject matter of any of Examples 14-17 can
optionally include transmitting a bandwidth availability trigger to the one or
more HEW stations, and receiving bandwidth availabibity reports in response to
the bandwidth availability trigger from the one or more HEW stations, where the
bandwidth availahlity reports indicate channel available from one or more of the
one or more HEW stations for one or more of the one or more channels.
[066115] Example 19 is an apparatus of a high-efficiency wireless local-
arca network (HEW) station, the apparatus including circuitry configured to
receive a packet that indicates a multi-user request-to-send and that indicates one
or more channels on which the HEW station is to transout a clear-to-send (C15),
and determine whether to send the TS on the one or more channels based on at
least one of the follow conditions: if a mediwm busy condition tor the chanvel of
the one or more channels indicates the channel 1s not busy, a network allocation
vector indicates the channel ts not busy, and whether a primary channel of an
operating channel 1s occupied. The circuttry may be further configured to
transmit the CTS on at least one channel of the one or more chanvels, 11t s
determined to send the CT5S on the at least one channel of the one or more
channels,
{00116 In Exarmaple 20, the subject matter of Example 19 can optionally
melude where the circuitry 1s configured fo tranamit the CTS on at least one
channel in accordance with a minimum bandwidth of 20 MHz.
[066117] In Example 21, the subject matter of Example 19 or 20 can
optionally include where the circuitry 1s further configured to receive a
bandwidth availability trigger from a master station, and transmit to the master
station a bandwidth availability report that mndicates available of one or more of
the one or more channels.
66118 In Example 22, the subject matier of any of Examples 19-21 can
optionally inchide where the CTS 18 transmitted m accordance with at least one
from the following group: orthogonal frequency division multiple aceess
{OFDMA), multiple-user multiple~-input multiple-output (MU-MIMO), and
orthogonal frequency division multiplexing (OFDM).
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006119 In Example 23, the subject matter of any of Examples 19-22 can
optionally include memory coupled to the circuitry; and, one or more antennas
coupled to the circuitry.
{86124 In Example 24 is a non-transitory computer-readable storage
medium that stores mnstractions for execution by one or more processors, the
mstructions to configure the one or more processors to cause a high-efficiency
wireless local-arca network (HEW) master station to; generaie a packet to
mdicate a multi-user request-to-send (MU-RTS) and to mdicate one or more
channels on which one or morg HEW stations are to transmit a clear-to-send
(CTS); transnit the packet to the one or more HEW stations, and receive clear-
to-send responses to the packet on the one or more channels.
[86121] In Example 25, the subject matter of Example 24 can optionally
mehude where the mstractions are to further configure the one or more
processors to cause the HEW master station to; generate the packet to indicate
one or more channels on which one or more HEW stations are to transmut a CT5
and for each of the one or more channels an mdication of which of the one or
more HEW stations are to transmit the CTS.
60122} Example 26 1s an apparatus of a high-ctficiency wureless local-
area network (HEW) master station.  The apparatus including means for
generating a packet to indicate a multi-user request-to-send (MU-RTS) and to
indicate one or more channels on which one or more HEW stations are to
transmit a clear-to-send (CT8); and means for transmitting the packet to the one
or more HEW stations. The apparatus may inchide means for receiving CTS
responses to the packet on the one or more channels.
[86123] In Example 27, the subject matter of Example 26 can optionally
mehude means for generating the packet to indicate one or more channels on
which one or more HEW stations are to transmit a UTS and for each of the one
or more channels an indication of which of the one or more HEW stations are to
transmit the TS,
[00124] In Example 28, the subject matter of any of Examples 26 or 27
can optionally mclude means for generating an allocation for the one or more
channels to be used for a transnussion opportunity based on the clear-to-send
FESPOnSes.
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[60125] In Example 29, the subject matter of any of Examples 26-28 can
optionally include means for aborting a transmission opportunity based on the
CTS responsces; and the transceiver is configured to transmit a contention free
end (CF-end) packet.

5 [66126] In Example 30, the subject matter of any of Examples 26-29 can
optionally include where the channels are one from the following group: 3 20
MHz bandwidth, a § MHz bandwidth, a 10 MHz bandwidth, a 2.5 MHz
bandwidth, a 40 MHz bandwidth, an 80 MHz bandwidth, a 160 MHz bandwidth,
and a 320 MHz bandwidth.

10 o127} In Example 31, the subject matter of any of Examples 26-30 can
optionally mnclude means for transmitting a bandwidth availability trigger to the
one or more HEW stations; and means for receiving bandwidth availability
reports in response to the bandwidth availability trigger from the one or more
HEW stations, wherein the bandwidth availability reports indicate channel

15 available from one or more of the one or more HEW stations for one or more of
the one or more channels,

106128] In Example 32, the subject matter of any of Examples 26-31 can
optionally include means for determining an allocation for a transmission
opportunity based on the bandwidth availability reports; and transmit a second

20 packet comprising the allocation.

[00129] In Example 33, the subject maticr of any of Examples 19-21 can
optionally include where the bandwidth availlability trigger comprises an
mdication of a channel and an indication of one or more of the one or more
HEW stations.

25 [66134] In Example 34, the subject matter of Example 26 can optionally
mehude means for generating the packet to indicate a MU-RTS and to indicate
one or more channels on which one or more HEW stations are to transmit a CTS,
wherein the one or more channels and one or more HEW stations are sclected by
the master station based on the bandwidth availability reports.

30 [Be131 In Example 35, the subject matter of Example 26 can optionally
mclude where the bandwidth availability trigeer further comprises a resource
atlocation that indicates a channel on which the one or more HEW stations are to
transmit the bandwidth available reports.

26
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[60132] In Example 36, the subject matter of any of Examples 26-35 can
optionally include where the CTS responses are received in accordance with at
least one from the following group: orthogonal frequency division multiple
access {OFDMA) multiple~-user multiple-input multiple-output (MU-MIMO),
and orthogonal frequency division mudtiplexing (OFDM).

{86133} In Example 37, the subject matter of any of Examples 26-36 can
optionally include memory coupled to the processing circuitry.

{00134} In Example 38, the subject matter of Example 37 can optionally
mclude one or more antennas coupled to the circurtry.

{00135] Example 39 15 an apparatus of a high-cfficiency wireless local-
area network (HEW) station. The apparatus mcluding means for receiving a
packet that indicates a multi-user request-to-send and that indicates one or more
channels on which the HEW station 1s to transmit a clear-to-send {(CT8), and
means for determining whether to send the CTS on the one or more channels
based on at least one of the follow conditions: if a medium busy condition for
the chamnel of the one or more channels indicates the channel 1s not busy, a
network allocation vector indicates the channel 1s not busy, and whether a
primary channel of an operating channel is occupied. The apparatus may include
means for transmutting the CTS on at least one channel of the one or morg
channels, if it is determined to send the C'TS on the at least ong channel of the
one or more channels.

[30136] In Example 40 the subject matter of Example 39 may optionally
mclade means for transmitting the CT5 on at least one channel in accordance
with a sunimum bandwidth of 20 MHz,

166137 In Example 41, the subject matter of Examples 38 or 39 can
optionally include means for recetving a bandwidth availability trigger from a
master station; and means for transmitting to the master station a bandwidth
availability report that indicates available of onc or more of the one or more
channels.

[60138] In Example 42 the subject matter of any of Examples 39-41 can
optionally include where the CTS is transmitied 1n accordance with at least one

from the following group: orthogonal frequency division multiple access
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(OFDMA)}, multiple-user multiple-input multiple~-cutput (MU-MIMO), and
orthogonal frequency division multiplexing (OFDM]}.
106139] In Example 43, the subject matter of any of Examples 39-42 can
optionally mclude memory coupled to the circuitry; and, one or more aniennas
5 coupled to the circuitry.

{00146} The Abstract is provided to comply with 37 C.F.R. Section
1.72({b} requiring an abstract that will allow the reader to ascertain the nature and
gist of the technical disclosure. It is submitted with the understanding that it will
not be used to linnt or interpret the scope or meaning of the claims. The

160 following clatms are bereby incorporated into the detailed descnption, with cach

claim standing on its own as a separate embodiment.
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CLAIMS

What is claimed 1s:

I An apparatus of a high-efficiency wircless local-area network
(HEW) master station, the apparatus comprising:
processing circuitry configured to generate a packet to indicate a
multi-user request-to-send (MU-R'TS) and to indicate one or more channels on
which one or more HEW stations are to transmit a clear-to-send (CT8); and
a transeciver configured to transmit the packet to the one or more
HEW stations, and

receive UTS responses to the packet on the one or more channels.

2. The apparatus of claim 1, wheremn the processing circuitry is
further configared to generate the packet to mdicate one or more chanmels on
which one or more HEW stations are to transmit a CTS and for each of the one
or more channels an indication of which of the one or more HEW stations are o

transmit the CTS.

3. The apparatus of claim 1, wherein the processing circuitry is
further configured to generate an allocation for the one or more channels to be

used for a transmission opportunity based on the clear-to-send responses.

4, The apparatus of claim I, wherein the processing circutiry is
further configured to determime to:
abort a transmission opportunty based on the (TS responses; and the

transceiver is configured to transmit a contention free end (CF-cnd) packet.

5. The apparatus of claim 1, wherein the channels are one from the
following group: a 20 MHz bandwidth, a 5 MHz bandwidth, a 16 MHz
bandwidth, a 2.5 MHz bandwidth, a 40 MHz bandwidth, an 80 MHz bandwidth,

a 160 MHz bandwidth, and a 320 MHz bandwidth.
29
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6. The apparatus of any of claims 1-5, wherein the transceiver is
further configured to:
transmit a bandwidth availability trngger to the one or more HEW
5 stations: and
recetve bandwidth availability reports in response to the
bandwidth availability trigger from the onc or more HEW stations, wherein the
bandwidth availability reports indicate channel available from ong or more of the
one or more HEW stations for one or more of the one or more channels.
10
7. The apparatus of claim 6, wherein the processing circuitry is
further configured to:
determine an allocation for a transmission opportunity based on
the bandwidth availability reports; and transmit a second packet comprising the

15 allocation.

8. 'The apparatus of claim 6, wherein the bandwidth availability
tngger comprises an indication of a channel and an indication of one or more of
the one or more HEW stations.

AL
9. The apparatus of claim 6, wherein the processing circuitry is
further configure to:
gencrate the packet to indicate a MU-RTS and to indicate one or
more channels on which one or more HEW stations are to transmit a C'T5,
25 wherein the one or more channels and one or more HEW stations are selected by

the master station based on the bandwidth availability reports.

10.  The apparatus of claum 6, wherein the bandwidth availability
trigger further comprises a resource allocation that indicates a channel on which

30 the ong or more HEW stations arg to transmit the bandwidth available reports.

I1. The apparatus of any of claims 1-3, wherein the CTS responses

are recetved in accordance with at least one from the following group:

3¢
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orthogonal frequency division multiple access (OFDMA) multiple-user multiple-
mput multiple-cutput (MU-MIMO)}, and orthogonal frequency division
multiplexing (OFDM).

5 12, The apparatus of any of claims 1-3, further comprising memory

coupled to the processing circuitry.

13, 'The apparatos of claim 12, further comprising one or more
antennas coupled to the circuitry.
16
4. A method performed by a lugh-efficiency wireless local-area
network (HEW) master station, the method comprising:
generating a packet to indicate a multi-user request-to-send (MU-
RTS8} and to indicate one or more channels on which one or more HEW stations
15 areto transmit a clear-to-send (CTS);
transmitting the packet to the one or more HEW stations; and
receiving CTS responsces to the packet on the one or more

channels.

20 13. The method of claim 14, further comprising:
generating the packet to indicate one or more channels on which
one or more HEW stations are to transnut a CT5 and for each of the one or more

channels an indication of which of the one or more HEW stations are to transmit

the CTS.
25
16, The method of claim 14, further comprising:
generating an allocation for the one or more channels to be used
for a transmission opportunity based on the CTS responses; and transmitting a
second packet with the allocation for the one or more channels.
30

17.  'The method of any of claims 14-16, wherein the channels are one

from the following group: a 20 MHz bandwidth, a 3 MHz bandwidth, a 10 MHz

31
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bandwidth, a 2.5 MHz bandwidth, a 40 MHz bandwidth, an 80 MHz bandwidth,
a 160 MHz bandwidth, and a 320 MHz bandwidth.

18, The method of any of claims 14-16, the method further
5 comprising:
transmitting a bandwidth availability tngger to the one or more
HEW stations; and
recetving bandwidth avatlability reports 1 response to the
bandwidth availability trigger from the one or more HEW stations, wherein the
10 bandwidth avatlability reports indicate channe! available from one or more of the

one or more HEW stations for one or more of the one or more channels.

19, An apparatus of a high-efficiency wireless local-arca network
{(HEW) station, the apparatus comprising circuitry configured to:

15 receive a packet that indicates a multi-user request-to-send and
that mdicates one or more channcls on which the HEW station is to transmit a
clear-to-send (CT8);

determine whether to send the CTS on the one or more channels
based on at least one of the follow conditions: if a medium busy condition for

20 the channel of the one or more chanoels indicates the channel is not busy, a
network allocation vector indicates the channel is not busy, and whether a
primary channel of an operating channel is occupied; and

transmit the CT5 on at feast one channel of the one or more
channels, 1f it is determined to send the C'TS on the at least one channel of the

25 one or more channels.

20.  The apparatus of claim 19, wherein the circuitry is configured to
transmit the CTS on at least one channel in accordance with a mimimum
bandwidth of 20 MHz.

30

21, 'the apparatus of claim 19, wherein the circuitry is further

contigured {o:
receive a bandwidth availability tngger from a master station; and
32
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transmit to the magster station a bandwidth availability report that

ndicates available of one or more of the one or more channels.

22, The apparatus of any of claims 19-21, wherein the CTS 15

(4

transmtted in accordance with at least one from the following group:
orthogonal frequency division multiple access (OFDMA), multiple-user
multiple-input multiple-output (MU-MIMO), and orthogonal frequency division
multiplexing (OFDM).

10 23. The apparatus of any of claims 19-21, further comprising memory

coupled to the circuitry; and, one or more antennas coupled to the circuitry.

24, A son-transitory computer-readable storage medium that stores
mstructions for execution by one or more processors, the instructions to
15 configare the one or more processors to cause a high-cfficiency wireless local-
arca network (HEW) master station to:
generate a packet to indicate a raunlti-user request-to-send (MU-
RTS) and to mndicate one or more channels on which one or more HEW stations
are to transmit a clear-to-send (CTS);
20 transmit the packet to the one or more HEW stations; and
receive clear-to-send responses to the packet on the one or more

channels.

25, 'the non-transitory computer-readable storage medium of claim
25 15, wherein the mstructions are to turther configure the one or more processors
to cause the HEW master station to:
generate the packet to indicate one or more channels on which
one or more HEW stations are to transmit a CT8 and for each of the one or more
channels an indication of which of the one or more HEW stations are to fransmit

30 the CTS.

8]
(V5]
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