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FIG.7

DECODE A TRIGGER FRAME FOR RANDOM ACCESS, THE TRIGGER |
FRAME FOR RANDOM ACCESS TO INDICATE RESOURCE UNITS (RUS) |
FOR RANDOM ACCESS AND TO INDICATE TF A CARRIER SENSE(CS)TS |

TO BE PERFORMED BEFORE TRANSMITTING ON THE RUS |

|

IF THE C8 IS TO BE PERFORMED BEFORE TRANSMITTING ON THE RLS,
ANDIF A VIRTUAL CS INDICATES BUSY, REFRAIN FROM
DECREMENTING AN ORTHOGONAL FREQUENCY DIVISION MULTIPLE-
ACCESS (OFDMA) BACKOFF (OBO)

'

IF THE CS IS TO BE PERFORMED BEFORE TRANSMITTING ON THE RUS,
AND IF THE VIRTUAL CS INDICATES IDLE, DECREMENT THE OBO
BASED ON A NUMBER OF THE RUS

l

PLIYSICALLY SONSE TLIE RUS TO DETCERMINE A NUMBER OF TIIE RUS
THAT ARE IDLE AND A NUMBER OF THE RUS THAT ARE BUSYAND
DECREMENT THE OB(G WITH THE NUMBER OF THE RUS THAT ARE

IDLE.

l

IF OBO EQUALS ZERQ AND THE NUMBER OF THE RUS THAT ARE IDLE |
| 18 AT LEAST ONE, RANDOMLY SELECT ONE OR MORE OF THE RUS OF |
71 Of’\) THE NUMBER OF THE RUS THAT ARE IDLE, AND CONFIGURE A
WIRELESS DEVICE TO TRANSMIT A PPDL ON THE ONE OR MORE OF |
i THERUS i
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(57) Abstract: Computing readable media, apparatuses, and
methods for random access with carrier sensing are dis-
closed. An apparatus is disclosed including processing cir-
cuitry configured to: decode a trigger frame, the trigger
frame to indicate resource units (RUs) for random access
and to indicate if a carrier sense (CS) is to be performed. The
processing circuitry may be further configured to: decrement
a value of an orthogonal frequency division multiple-access
(OFDMA) backoff (OBO) field based on a number of the
RUs indicated for random access. The processing circuitry
may be further configured to: when the value of the OBO
field reaches a predetermined value, randomly select one of
the RUs indicated for random access, and if the CS is to be
performed, determine a virtual CS based on one or more net-
work allocation vectors (NAVs) and perform a physical CS
on the selected RU, and if the virtual CS and the physical CS
both indicate that the selected RU is idle, contigure the wire-
less device to transmit a physical (PHY) layer convergence
procedure (PLCP) protocol data units (PPDU) on the selec-
ted RU in accordance with OFDMA.
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RANDOM ACCESS WITH CARRIER SENSING

PRICRITY CLAIM

{0001] This application claims the benefit of priority to U.S. Patent

10 Application Serial No. 15/280,486, filed September 29, 2016, which claims the
benefit of priority to U.S. Provisional Patent Application Serial No. 62/301,6383,
filed March 1, 2016, each of which is incorporated herein by reference in its

entirety.

15
TECHNICAL FIELD

9002} Embodimenis pertain to wireless networks and wireless
communications. Some embodiments relate to wireless local area networks

28 (WLANs) and Wi-Fi networks immcluding networks operating in accordance with
the [EEFE 802.11 family of standards. Some embodiments relate to IEEE
802.11ax. Some embodiments relate to random access of resource units {RUs)
with carrier sensing. Some embodiments relate to methods, computer readable
media, and apparatus for random access with carrier sensing.

25

BACKGROUND

[0003] Efficient use of the resources of a wireless local-area network
30 (WLAN) is imporiant to provide bandwidth and acceptable response times to the
users of the WLAN. However, often there are many devices trying to share the
same resources and some devices may be linuted by the cornmunication protocol
they use or by their hardware bandwidth. Moreover, wireless devices may need

io operale with both newer protocols and with legacy device protocols.
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BRIEF DESCRIPTION OF THE DRAWINGS

{8004] The present disclosure is illustrated by way of example and not

U

himitation in the figures of the accompanying drawings, in which like references
mdicate similar elements and in whach:
[8005] Fi(z. 1 illustrates a WLAN i accordance with some
embodiments;
10 [0606] FI1G. 2 illustrates a method of random access with cammier sensing
in accordance with some embodiments;
{8007] FiG. 3 illustrates a HE STA in accordance with some
embodiments;
[80038] FiG. 4 dlustrates RU assigned for random access in accordance
15 with some embodiments;
[H009] FIG. 5 llustrates RU assigned for random access in accordance
with some embodiments;
9010] Fi1G. 6 illustrates performing carrer sensing {C8} in accordance
with some embodiments;
20 [0011] FI1G. 7 lustrates a method of random access with carrier sensing
in accordance with some embodiments;
[0012] Fi(3. % illustrates a method of random access with carrier sensing
i accordance with some embodiments;
[6013] FI1G. 9 illustrates a method of random access with camier sensing
25  in accordance with some embodiments;
{8014] FiG. 10 illustrates a method of random access with carrier sensing
in accordance with some embodiments;
[0015] FiG. 11 illustrates a method of random access with carrier sensing
i accordance with some embodiments,
30 [9016] Fi(3. 12 illustrates a method of random access with carrier sensing

in accordance with some embodiments: and
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[0017] Fi(z. 13 illustrates a block diagram of an example machine upon
which any one or more of the techniques {e.g., methodologies) discussed herein

may perform.

DESCRIPTION

U

[0013] 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

10 changes. Portions and features of some embodiments may be mcluded in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.
[8019] FIG. 1 illustrates a WLAN 100 in accordance with some
embodiments. The WLAN 100 may comprise a basis service set (BSS) 100 that

15  may include a master station 102, which may be an AP, a plurality of high-
efficiency wireless (e.g., IEEE 802.11ax) (HE) stations 104, and a plurality of
legacy (e.g., IEEE 802.11n/ac) devices 106.
18020} The master station 102 may be an AP using the IEEF 802,11 to
transmit and receive. The master station 102 mayv be a base station. The master

20 station 102 may use other communications protocols as well as the IEEE 802.11
protocol. The IEEE 802.11 protocol ray be IEEE 802 11ax. The IEEE 802.11
protocol may include using orthogonal frequency division multiple-access
(OFDMA)}, time division muliiple access (TDMA}, and/or code division
multiple access (CDMA). The [EEE 802.11 protocol may include a muitiple

25  access technique. For example, the IEEE 80211 protocol may include space-
division multiple access {SDMA) and/or multiple-user multipie-input multiple-
output (MU-MIMQO}. There may be more than one master station 102 that is part
of an exiended service set (ESS). A controller (not illustrated) may store
mformation that is common to the more than one master stations 102,

30 (9021 The legacy devices 106 may operate in accordance with one or
more of IEEE 802.11 a/b/g/n/ac/ad/al/ah/aj/ay. or another legacy wireless
communication standard. The legacy devices 106 may be STAs or IEEE STAs.

The HE STAs 104 may be wireless transmit and receive devices such as cellular

2
3
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telephone, portable electronic wireless communication devices, smart telephone,
handheld wireless device, wireless glasses, wireless watch, wireless personal
device, tablet, or another device that may be transmitting and receiving using the
1EEE 802.11 protocol such as IEEE 802.11ax or another wireless protocol. In

some embodiments, the HE STAs 104 may be termed high efficiency (HE}

stations.
[8022] The master station 102 may communicate with legacy devices

106 in accordance with legacy IEEE 802.11 communication techniques. In
example embodiments, the master station 102 may also be configured (o
communicaie with HE STAs 104 in accordance with legacy IEEE 802,11
communication technigques.

{8023] In some embodiments, a HE frame may be configurable to have
the same bandwidth as a channel. The HE frame may be a physical Layer
Convergence Procedure (PLCP) Protocol Data Unmit (PPDU).

[0024] The bandwidth of a channel may be 20MHz, 40MHz, or SOMHz,
160MHz, 320MH7 contiguous bandwidths or an 80+ 80MHz (160MH2) non-
contiguous bandwidth. In sorue embodiments, the bandwidth of a channel may
be 1 MHz, 1.25MHz, 2. 03MHz, 2. 5MHz, 4.06 MHz, 5MHz and 10MHz ora
combination thereof or another bandwidth that is fess or equal to the available
bandwidth mav also be used. In some embodiments the bandwidth of the
channels may be based on a number of active data subcarriers. In some
embodiments the bandwidth of the channels is based on 26, 52, 106, 242, 484,
996, or 2x996 active data subcarriers or tones that are spaced by 20 MHz. In
some embodiments the bandwidth of the channels 15 256 tones spaced by 20
MHz. In some embodiments the channels are multiple of 26 tones or a multiple
of 20 MHz. In some embodiments a 20 MHz channel mav comprise 242 active
data subcarriers or iones, which may determine the size of a Fast Fourier
Transform (FFT). An allocation of a bandwidth or a number of tones or sub-
carriers may be termed a resource unit {RU) allocation in accordance with some
embodiments.

[6025] A HE frame mav be configured for transmitting a number of
spatial streams, which may be in accordance with MU-MIMO and may be in

accordance with OFDMA. In other embodiments, the master station 102, HE
4
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STA 104, and/or legacy device 106 may also implement different technologies
such as code division multiple access (CBMA) 2000, CDMA 2000 1X, CDMA
2000 Evolution-Data Optimized (EV-DO), Interimn Standard 2000 (IS-2000),
Interim Standard 95 (18-95), Interim Standard 856 {(I5-856), Long Term

U

Evolution (LTE), Global System for Mobile communications {GSM), Enhanced

Data rates for GEM Evolution (EDGE), GSM EDGE (GERAN), IEEE 802,16

(i.e., Worldwide Interoperability for Microwave Access (WiMAX)),

BlueTooth®, or other technologies.

[6026] Some embodiments relate to HE commumications. In accordance

10 with some [EEE 80211 embodiments, e.g, IEEF 802.11ax embodiments, a
master station 102 may operate as a master station which may be arranged to
contend for a wireless medium {e.g., during a contention period} o receive
exclusive control of the medium for an HE control period. In some
embodiments, the HE control period may be termed a transmission opporfunity

15 (TXOP). The master station 102 may transmit a HE master-sync transnission,
which may be a irigger frame or HE control and schedule transmission, at the
beginming of the HE control period. The master station 102 may transmit a time
duration of the TXOP and sub-channel information. During the HE control
period, HE STAs 104 may communicate with the master station 102 in

28 accordance with a non-contention based multiple access technigue such as
OFDMA or MU-MIMO. This is unlike conventional WLAN commumnications in
which devices communicate in accordance with a contention-based
commnicaiion technique, rather than a multipie access technique. During the
HE control pertod, the master station 102 may communicate with HE stations

25 104 using one or more HE frames. During the HE control period, the HE STAs
104 mav operate on a sub-channel smaller than the operating range of the master
station 102, During the HE conirol period, fegacy stations refrain from
cornmuricating. The legacy stations may need 1o receive the communication
from the master station 102 to defer from communicating.

30 [9027] In accordance with some embodiments, during the TXOP the HE

STAs 104 may contend for the wireless medium with the legacy devices 106

being excluded from contending for the wireless medium during the master-sync

transmussion. In some embodiments the trigger frame may indicate an uplink
5
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(UL) UL-MU-MIMQO and/or UL OFDMA TXOP. In some embodiments, the
trigger frame may include a DL UL-MU-MIMGO and/or DL OFDMA with a
schedule indicated in a preamble portion of trigger frame.

(95028] In some embodiments, the multiple-access technique used during
the HE TXOP may be a scheduled OFDMA technique, although thisisnot a
requirement. In some embodiments, the multiple access technique may be a
time-division muttiple access (TDMA) technigue or a frequency division
multiple access (FDMA) technique. In some embodiments, the multiple access
technique may be a space-division multiple access (SBMA} technique. In some
embodiments, the multiple access technique may be a Code division multiple
access (CDMA),

[6029] The master station 102 may also communicate with fegacy
stations 106 and/or HE stations 104 in accordance with legacy IEEE 802.11
cornmunication techniques. In some ernbodiments, the master station 102 may
also be configurable to communicate with HE stations 104 outside the HE TXOP
mn accordance with legacy TEEE 802,11 comnmunication technigues, although this
is not a requirernent.

18030] In some embodiments the HE station 104 may be a “group
owner” {GO) for peer-to-peer modes of operation. A wireless device may be a
HE station 102 or a master station 102,

[0031] In some embodiments, the HE station 104 and/or master station
102 may be configured to operate in accordance with IEEE 802.11mec.

[0032] In example embodiments, the HE station 104 and/or the master
station 102 are configured to perform the methods and functions described
herein in conjunction with FIGS. 1-13.

{8033] FiG. 2 illustrates a method 200 of random access with carrier
sensing in accordance with some embodiments. Dustrated in FIG. 2 is master
station 202, network allocation vector (NAV) of HE STAs 205, HE STAs 204,
time along a horizorntal axis, and operations 250 along the top. The master
station 202 may be the same or similar as the master station 102 of FIG. 1. The
HE STAs 204 may be the same as sinular as the HE stations 104 of FIG. 1. A
clear NAY of HE STA2 205.2 indicates the NAV of HE STAZ 205.2 1s not set,
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and a dark NAV of HE STA1 205.1 indicates the NAV of HE 8TA1 2051 15 set.
FIG. 3 will be disclosed in conjunction with FIG. 2.

[6034] FIG. 3 llustrates a HE STA 204 in accordance with some
embodiments. {llustrated in FIG. 3 is HE STA 204, which comprises NAV 205,
OFDMA Backoff (3BO) 302, and CFDMA Contention Window (OUW) 304,
[0035] The NAY of HE 8TA 204 may be a NAV of HE §TA 204. HE

U

STA 204 may include multiple NAVs in accordance with some embodiments.
The GBO 302 may be a backoff count that indicates a number of slot times. In
some embodiments, the duration of the slot ime may be defined by a wireless
10 communication standard. In some embodiments, the duration of the slot time s
9 us. The OBO 302 may be determined as a pseudo-random integer from zero to
OCW 304
{0036} The OCW 304 may be an integer from which the OBO 30215
determuned. The OBO 302, in some embodiments, is not permitted to be greater
15 than the OCW 304 In some embodiments, the OBO 302 and OCW 304 may be
for using random access resource uniis (RU). In some emnbodiments, the master
station 204 coraprises one or more NAVs 2035, an OBO 302, and an OCW 304,
A size of the OCW 304 may be indicated by the master station 102. OCW 304
may inchude an OCW munimum {min) which is a minimum value of the OCW
20 304
{0037} Returning to FIG. 2, the method 200 begins with a master station
102 transmutting a trigger frame (TF) 210.1. In some embodiments, the trigger
frame 210 comprises a carrier sense (CS) indication 212.1 and resource
allocation 214.1. In some embodiments, the TF 210.1 mav be referred to as a TF
25  forrandom access. The CS indication 212.1 indicates whether the HE STA 104
should consider the one or more NAVS 205 and/or a physical C8 of the wireless
mediom before transmitting in a RU {or random access. In some embodiments,
the resource allocation 214.1 1s a resource allocation for UL OFDMA. In some
embodiments, the resource allocation 214 1 comprises an indication of RUs for
30 random access. In some embodiments, the RU may indicate a bandwidth range
(or number of data tones or data sub-carriers) for s HE STA 104 to transmit on.
The resource allocation 214.1, in some embodiments, indicates a number of RUs

for random access. In some embodiments, the master station 102 may assign

-t

/
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RUs to the number of RUs for random access. In some embodiments, the RUs
for random access may be termed a set of RUs,
[8038] As iliustrated in FIG. 2, the C8 indication 212.1 indicates that the

(S 1is required hefore responding to the TF 210.1. In some embodiments, the CS

U

indication 212.1 indicates that the HE STA 204 is required to sense the medium
before an UL MU transmission in response to a TF. Tn some embodiments, the
CS indication 212.1 indicates that the HE STA 204 is to deternune whether the
NAY of HE STA 205 (virtual CS) indicates that the HE STA 204 can respond to
the TF 210.1, and then, if the NAY of HE STA 205 indicates that the HE §TA
10 204 can respond to the TF 210.1, determine whether the wireless roedium
{physical C8) indicates that the HE 8TA 204 can respond to the TF 210.1.
8039} HE STA 1 2041 may determine that CS indication 212.1
mdicates that the CS is required before responding to the TF 210.1. HESTA |
2041 determines that the NAYV of HE 8TA 1 2051 indicates that HE 8TA |
15 205.11s set and that the HE STA 1 205.1 is to defer and not respond. In some
embodiments, the HE STAs 204 are contfigured to determine how the NAV of
the HE STA 203 was set to deternune whether the NAV of the HE STA 205
mndicates that the HE STA 204 should not respond to the TF 2101, In some
embodiments, HE STAs 204 are configured to determine that the NAY of HE
28 STAs 205 does not indicate that they may not respond 1o the TF 210.1 if the
MNAV of HE STAs 205 15 set by the master station 202 that sent the TF 2101, In
some embodiments, HE STAs 204 are configured to determine that the NAV of
HE STAs 205 does not indicate that they may not respond to the TF 210.1 if the
PPDU 220.1 that the HE STAs 204.1 intends to transmut 18 an acknowledgment
25 or a block acknowledgments and it has a duration below a threshold. In some
embodiments, HE STAs 204 are configured to determine that the NAY of HE
STAs 205 does not indicate that they mav not respond {o the TF 210.1 if the
MNAV of HE STAs 205 15 set by a frame originating from an intra-BSS HE
station 104, a master station 102, or a legacy device 106.
30 [9040] Since the NAV of HE STA1 205.1 13 set, in some embodiments,
HE STA 1 205.1 1s configured to not decrernent OBO 302, HE S§TA1 205.1 may
attempt to transmit on a RU for random access at a next trigger frame, e.g.,

trigger frame 210.2.
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[0041] In some embodiments, if the C8 indication 212.1 indicates that
the CS is required before responding to the TF 210.1, then the HE STAs 104
performs a physical sense of the wireless medium. In some embodiments, the

physical sense is an energy detect (ED). In some embodiments, the physical

U

sense 1s signal detect.

18042} In some embodiments, the HE 5TAs 104 are configured to

perform the physical sense after receiving the TF 210, In some embodiments,

the HE STAs 204 are configured to perform ED at least in the sub-channe! that
mncludes the RU that the HE STA 204 transmits on. For example, in some

10 embodiments, a HE STA 204 is configured to perform ED at least on the sub-
channel that contains the RU that the HE STA 204 intends to transnut on, where
the sub-channel is either a single 20 MHz channel or multiple 20 MHz channels.
In some embodiments, if sub-channel indicates the mediom 1s busy, then the HE
STA 204 does not transrot on the RU.

15 |0043) Returning to operation 252, HE STAs 204 receive the TF 210.1.
The method 200 continues with operation 254, which may be a duration {e.g.,
short interframe space, SIFS) before the HE ST As 204 are to begin transmitiing
responses to the tnigger frame 210.1. During operation 254, the HE STAs 204
may be configured to determing whether they are going to respond, and, if they

20 are going to respond, an RY for randor access to respond on. The method 200
continues with operation 256 where the HE STAs 204 transmit if the HE ST As
204 determine to transmit. Operation 254 and 256 are disclosed in conjunction
with one another.

[6044] In some embodiments, HE STA2 204 .2 deternunes that the NAY

25 of 8TA 2052 does not indicate that the HE STAZ 204 2 cannot transmit. If
NAV of STA 205.2 indicates idle and this is an mitial transmission, then HE
STAZ2 204.2 may imitiahize OBO 302 by selecting a value in the range of 0 and
OCW 304, which may be selected randomly, in accordance with some
embodiments.

30 {0045 In some embodiments, HE STAZ 204 .2 may perform a physical

sense of the medium. For example, FIGS. 4 and 5 are disclosed in conjunction

with FIGS. 2 and 3. FIG. 4 illustrates RU assigned for random access 410 in

accordance with some embodiments. IHustrated in FIG. 4 1s primary 20 MHz

9
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channel! 404, secondary 20 MHz 406 channel, secondary 40 MHz channel 408,
and RU assigned for random access 410, The RUs assigned for random access
410 may be a portion of a 20 MHz channel or one or more 20 MHz channels.

FIG. 5 illustrates RU assigned for random access 502 in accordance with some

U

embodiments. Hlustrated in FIG. 5 is primary 20 MHz channel 504, secondary

20 MHz 506 channel, secondary 40 MHz channel 508, and RUJ assigned for

random access 502, The RUs assigned for random access 502 may be a porfion

of a 20 MHz channel or one or more 20 MHz channels. In some embodiments,
the master station 202 is configured o make each of the RU for random access

10 indicated in resource allocation 214 a same size. In some embodiments, the
same size may be indicated to the HE 8TAs 204 i a previous packet(e.g., a
beacon}, may be indicated by a wireless communications standard, e g., IEEE
&02.11, or may be indicated in the TF 210, The HE STAs 204 may be able to
prepare a PPDU before choosing a RU for random access due to the same size.

15 In some embodiments, the master station 202 may be configured to divide a
bandwidth into a number of RUs for random access. For example, primary 20
MHz 504 divided mto nine RUs for random access 502.

18046} In some embodiments, HE 8TAZ 204 2 decrements OBO 302
equal to the number of RUs for random access indicated in resource allocation

20 2141 In some embodiments, if OBO 302 equals 0, and there is at least one RU
for random access and indicated 1dle bv a physical CS, then HE STA2 204.2
randomiby selects any one of the RUs (which are indicated as idle by a physical
C8) for random access, and transmits UL PPDU 220.2 on the selected RU. In
some embodiments, HE STA2 204.2 roay select more than one RU.

25 [B947] For example, referring to FIG. 4, HE STA2 204 .2 may perform a
physical sense (e.g. ED) and determune that secondary 40 MHz 408 indicates
busy, but that primary 20 MHz 404 and secondary 20 MHz 406 indicate idle.
So, HE 8TAZ 204 .2 decrements OBO 302 by two (for 402.1 and 402.2), and if
OBO 302 15 zero, then HE STAZ 204 2 transnits PPDU 220.1 on 402.1 or 402.2.

30 In some embodiments, STAZ 204 .2 randomly selects between 402.1 and 402.2.

As another example, referring to FIG. 5, HE $TA2 204 2 may perform physical

sense {e.g.. ED) and determine that primary 20 MHyz channel is idle. So, HE

STAZ 204.2 decrementis OBO 302 by nine (for 562.1 and 502.9), and if OBO
{0
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302 is zero (OBO does not go negative), then HE STAZ 204.2 transmits PPDU
220.1 on one of 502.1 through 502.9. In some embodiments, STA2 204 .2
randomiy selects between 5021 through 502.9.

[8048] In some embodiments, HE STAZ2 204 2 i3 configured to

decrement OBO 302 with a number of RU for random access indicated in the

U

resource allocation 214.1. In some embodiments, 1f GBO 302 equals zero, the
HE STAZ 204.2 1s configured to transmit PPDU 220.1 on a randomly selected
RU if the physical sense of the randomly selected RU indicates the RU is idle.
For example, referring 1o FIG. 4, HE STA2 204 .2 may be configured to

10 decrement OBO 302 by the nurnber of RU for random access, which is four
{4021 through 402 4}, regardiess of whether the physical sense indicates busy or
idle. HE 8TA2 204.2 may then randomly select a RU assigned for random
access 402 where the physical sense indicates the RU assigned {or random
access 402 1s wdle. For example, HE STA2 204.2 may transmit PPDU 220.1 on

15 RU assigned for random access 402.3. If no RU assigned for random access 402
mdicates idle from the physical sense, then the HE STA2 204.2 will not transmit,
in accordance with some embodiments.
[9049] In some embodiments, if OBO 302 is zero, then HE STA2 204.2
will randomly select a RU assigned for random access 402, and then determine

20 whether the RU assigned for random access 402 is idle or busy. If the RU
assigned for randor access 402 indicates 1dle, then the HE STAZ2 204.2 will
transmit PPDU 220.1 on the randomly selected idle RU assigned for random
access 402. H the R1J assigned for random access 402 indicates busy, then the
HE STA2 204 2 will use a retransnussion procedure, in accordance with some

25  embodiments. in some embodiments, if the HE STA 204 attempted to transmit
on an RYU for random access and was unable 1o, then the HE STA 204 may use a
refransmission procedure,
{0050] A retransmussion procedure may nclude one or more of the
following. In some embodiments, the OBO 302 may be set to zero for anext

30 trigger frame, e.g., trigger frame 210.2. In some embodiments, the HE STAZ2
204.2 may double the OCW 304 from uis current value and reselect OBO 302 for
the next trigger frame, e g trigger frame 210.2. In some embodiments, the HE

STAZ 204.2 may reload the OBO 302 with a value that was determined at the
i
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beginning of operation 252 before decrementing for a number of RU assigned
for random access 402, In some embodiments, the HE STA2 204.2 may use a
same or similar method that the HE STAZ 204.2 uses when HE STA2 204 2
identifies a collision when tiving to transnut an UL OFDMA PPDU. For
example, the HE STA2 204.2 may double the OBO 302 for the first
retransmission procedure, where OBO 302 may be himited to a maximum value,
which may be based on the size of OCW 304. In some embodiments, the HE
STAZ2 204.2 may randomly select OBO from 0 to OCW nunimuim.

{80811 The method 200 may continue at operation 258 with the master
station 204 transmitting TF 210.2. In some embodiments, the trigger frame
210.2 comprises a CS indication 212.2 and resource allocation 214.2. The
method 200 continues with operation 260, which may be a duration 232.2 {e.g.,
STFS) before the HE 8T As 204 are to begin {ransmitting responses to the trigger
frame 210.2. During operation 260, the HE STAs 204 may be configured to
determine whether they are going to respond, and, if they are going to respond,
an RU for random access to respond on. The method 200 continues with
operation 262 where the HE STAs 204 transnut PPDUs if the HE STAs 204
determine to fransmut. Operation 254 and 256 are disclosed in conjunction with
one another.

[8052] HE STAT 2041 determined it could not transmit after TF 210.1
because the NAY of HE 8TA1 205.1 was set. HE STA1 2041 may be
configured to perform one or more retransmission procedures, which may
include one or more of the following. In some embodiments, the OBO 302 may
be set to zero for a next trigger frame, e.g., trigger frame 210.2. Tn some
embodiments, the HE STA1 204.1 may double the OCW 304 and reselect OBO
302 for the next trigger frame, e.g. trigger frame 210.2. In some embodiments,
the HE STA1 204.1 may reload the OBO 302 with a value that was determined
at the beginning of operation 252 before decrementing for a number of RU
assigned for random access 402, In some embodiments, the HE STAT 2041
may use a same or similar method that the HE STA1 204.1 uses when HE STA1
204.1 identifies a collision when trving to transmat an UL OFDMA PPDU. For

example, the HE STA1 204.1 may double the OBO 302 for the first
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retransmission procedure, where GBO 302 may be limited by a maximum value,
which may be based on the size of OCW 304,

[8053] For exarople, for the embodiment where HE STA1 204.1 sets the
OBO 302 to zero for trigger frame 210.2, then HE STA! 204.1 may determine
that the physical sense is idle and select an RU for random access and transmits
PPDU 2202,

[0054] FIG. 6 illustrates performing carrier sensing (CS) 600 in
accordance with some embodiments. Hlustrated in FIG. 6 is a primary 20 MHz
504 sub-~-channel, a secondary 20 MHz sub-channel 506, a secondary 40 MHz
30% sub-~channel, a secondarvy 80 MHz 610 sub~channel, and RUs for random
access 602, In some embodiments, each of the sub-channels may include one or
more RUs for random access 602.

[B055] In some embodiments, the HE stations 104 and/or master stations
102 are configured to sense the energy of one or more 20 MHz sub-charmnels that
mclude RUs for random access 602, In some embodiments, the HE stations 104
and/or master station 102 include per 20 MHz sensing hardware for each 20
MHz sub-channel that may imclude RUs for random access 602,

[8056] In other embodiments, the HE stations 104 and/or master stations
102 use a legacy reporting channel list, 1.e. an CCA report for each of a primary
20 MHz 504 sub-channel, a secondary 20 MHz sub-channel 506, a secondary 40
MHz 508 sub-channel, and a secondary 80 MHz 610 sub-channel. The CCA
report may be for ED or signal detect. The HE stations 104 and/or master
stations 102 may be configured so that if a sub-channel CCA report indicates
busy, then all RUs for random access 602 within the sub-channel are considered
busy. For example, if the CCA report for secondary 80 MHz 610 sub-channel
indicated busy {e.g., an ED report), then the HE siation 104 or master station 162
would indicate that all RUs for random access 602 within the 30 MHz 610 sub-
channel are busy.

[0057] In other embodiments, RUs for random access 602 may be within
a sub-channel, e g., 20 MHz, and the HE station 104 and/or master station 102
may deternmune the CCA for the sub-chamnel and indicate that all RUs for

random access 602 have the same result as the sub-channel, 1.e, idie or busy. In



WO 2017/151252 PCT/US2017/015371

some embodiments, the sub-channel may be fixed or communicated by the
master station 102 to the HE stations 104,
[B8058] FIG. 7 illustrates a method 700 of random access with carrier

sensing in accordance with some embodiments. The method 700 begins with

U

operation 702 with decoding a trigger frame for random access, the trigger frame

for random access to indicate RUs for random access and to ndicate it a CSis to

be performed before transnutting on the RUs. For example, HE STAs 204 may
decode TF 210.1 with CS indication 212.1 that indicates that the CS is required

before responding to the TF 210.1.

10 [0659] The method 700 continues at operation 704 with ifthe CS is to be
performed before transmitting on the RUs, and if a virtual CS indicates busy,
refrain from decrementing an orthogonal frequency division multiple-access
{OFDMA) backoff (OBO) and, in some embodiments, wait for a next trigger
frame. For example, NAV of HE STA1 205.1 indicates the NAV is busy, so HE

15  STA1 204.1 waits for TF 210.2 and does not decrement an 0BO 302 of HE
STAL 2041
[B8060] The method 700 continues at operation 706 with ifthe CS is to be
performed before transmitting on the RUs, and if the virtual C8 indicates idle,
decrement the OBO based on a number of the RUs. For example, HE STA2

20 204.2 may decrement OBO 302 based on a number of RUs indicated in the
resource allocation 214.1. HE STA2 204 2 may imtially set OBO 302 to a value
from 0 to OCW 304. The number of RUs that decrement the OBO 302 may be
based on whether a physical sense of the RUs indicates that the RUs are busy or
idle.

25 {0861] For example, if RU assigned for random access 402.3 and 402.4
both indicate busy, then OBO 302 may be decremented by two in accordance
with some embodiments. In some embodiments, OBO 302 15 decremented by a
number of the RUs assigned for random access 402 regardless of whether a CS
mndicates they are busy or free.

30 [9062] In some embodiments, the method 700 optionally continues with
operation 708 with physically sensing the RUs to determine a number of the
RJs that are idle and a number of the RUs that are busy and decrement the OBO

with the mumber of the RUs that are idle. For example, if RUs assigned for
14
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random access 402.3 and 402 4 both indicate busy, and 402.1 and 402.2 indicate
tdle, then OBO 302 may be decremented by two (for 402.1 and 402.2)
accordance with some embodiments.

(8063] In some embodiments, the method 700 optionally continues with

U

operation 710 with if OBO equals zero and the number of the RUs that are idle is
at least one, randomly select one or more of the RUs of the number of the RUs
that are idle, and configure a wireless device to transmit a PPDU on the one or
more of the RUs in accordance with OFDBMA. For example, continuing with the
example above, OBO 302 may be zero for HESTA 2204.2, and HE STA 2
10 204.2 may randomly select between RUs assigned for random access 402.1 and
402.2, and then transmit PPDU 220.1 on the selected RU assigned for random
access 402.1 or 402.2.
[8064] In some embodiments, the method 700 continues with if the OBO
15 not zero, a retransrission method 1s used. For example, HE 8TA1 204.1 may
15 set OBO 302 to O for a next trigger frame for random access 210.2, double OCW
302 and randomly select a new value for OBO 302 from 0 1o OCW 304 for a
next trigger frame 210 .2, or reload OBO 302 to a value of OBO 302 before OBO
302 was decrementad in operation 708,
{8065] FiG. 8 illustrates a method 800 of random access with carrier
28 sensing in accordance with some embodiments. Operations 702 through 706
may be the same or similar as operation 702 through 706 disclosed in
conjunciion with FIG. 7.
[0066] The method 800 may continue at operation 302 with
decrementing the OBO with the number of the RUs. For example, HE STA2
25 204.2 may decrement OBQ 302 by four for RU assigned for random access
402.1, 402.2., 402.3, and 402.4.
18067] The method 800 mayv continue at operation 804 with if OBO
equals zero, randomly select one of the RUs of the number of the RUs, and if a
physical sense of the one of the RUs indicates the one RU is idle, configure a
30 wireless device to transmut a PPDU on the one of the RUs in accordance with
OFDMA.
[B068] For example, continuing with the example above, if HE STA2

204.2 randomly selects RU assigned for random access 402.1, and a physical
{5
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sense of RU assigned for random access 402.1 indicates it is idle, then HE STA2
2042 transmits PPDU 220.1 on RU assigned for random access 402.1,
[B8069] In some embodiments, the method 800 continues with if the OBO

is not zero or the RU assigned for random access is busy, then a retransmission

U

method is used. For example, HE STAT 204.1 may set OBO 302 to O for a next

irigger frame for random access 210.2, double OCW 302 and randomly select a

new value for OBO 302 from 0 to OCW 304 for a next trigger frarme 210.2, or

reload OBO 302 to a value of OBO 302 before OBO 302 was decremented in

operation 708,

10 (0670 FIG. 2 illustrates a method 900 of random access with carrier
sensing in accordance with some embodiments. Operations 702 through 706
may be the same or similar as operation 702 through 706 disclosed in
conjunction with FIG. 7.

[0071] The method 900 mav continue at operation 902 with

15 decrementing the OBO with the number of the RUs. For example, HE STAZ
204.2 may decrement OBO 302 by four for RU assigned for random access
402.1, 402.2.,402.3, and 402 4.

{0072} The method 900 may continue at operation 904 with if 0BO
equals zero, physically sense the RUs, and tf at least one of the RUs indicates

20 idle, randomly select one of the RUs that indicates idle, and configure a wireless
device to transmit a PPDU on the one of the RUs in accordance with OFDMA.
{0073] For example, continuing with the example above, it HE STAZ
204.2 randomly selects an RU assigned for random access 402 that 1s 1dle, e g,
402.1, then HE STAZ 204.2 transmits PPDU 220.1 on RU assigned for random

25  access 4021
{8074] in some embodiments, the method 900 continues with if the GBO
15 not zero, then a refransmission method 13 used. For example, HE STA1 2041
may set OBO 302 to 0 for a next trigger frame for random access 210.2, double
OCW 302 and randomily select a new value for OBO 302 from 0 to OCW 304

30 for anext trigger frame 210.2, or reload OBO 302 to a value of OBO 302 before

OBO 302 was decremented in operation 708,

[8075] FiG. 10 illustrates a method 1000 of random access with carrier

sensing in accordance with some embodiments. The method 1000 begins at

{6
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operation 1002 with encoding a trigger frame for random access, the trigger
frame for random access to indicate RUs {or random access and to indicate if a
(S 15 to be performed before transmitting on the RUs, the RUs for random
access indicating resource allocations for OFDMA. For example, master station

202 encodes TF 210.1 with C8 indication 212.1 and resource allocation 214.1.

U

CS indication 212.1 may indicate that CS 15 required before transmitiing on an
RU. Resource allocation 214.1 may include one or more RUs, e.g. RU assigned
for random access 402, 302, and 602.
[0076] The method 1000 may continue at operation 1004 with

10 configuring a first wireless device 1o transmit the trigger frame for random
access. For example, an apparatus of master station 202 may configure master
station 202 to transmit the TF 210.1.
18677] The method 1000 may continue at operation 1006 with decoding
PPDUs to be received on the RUs for random access from one or more second

15 wireless devices. For example, master station 202 receives PPDU 220.1 from
HE STA2 204.2 on one of the RUs for random access indicated in resource
allocation 214. 1.
[8078] FiG. 11 illustrates a method 1100 of random access with carrier
sensing in accordance with some embodiments. The method 1100 begins at

20 operation 1102 with decoding a trigger frame, the trigger frame fo indicate RUs
for random access and to indicate if a CS 15 to be performed, e.g., before
transmitting on an RU for random access. The trigger frame may be a trigger
frame for random access.
{0079} For exarople, HE STAs 204 may decode TF 210.1 with €8

25  indication 2121 that indicates that the C8 1s requirad before responding to the
TF 210.1, and resource allocation 214.1, which may indicate RUs for random
access,
[8080] The method 1100 continues at operation 1104 with decrementing
a value of an OBO field based on a number of the RUs indicated for random

30 access.
{0081} For exarople, the OBO may be decremented with a number of the

RUs for random access. The OBO may be decremented in a different manner as
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disclosed herein. In some embodiments, the OBO may be decremented only to
zero and not negative numbers.
[6082] The method 1100 continues at operation | 106 with 1s OBO equal

1o a predetermined value, e.g.. zero. For example, HE STAZ 204.2 may

U

determine if OBO 302 equals zero.

[8083] If OBO is not equal o zero, then the method 1110 continues at

operation 1110 with refraining from transnutting. For example, HE STA2 204.2

may determine that OBO is not zero and wait until TF 210.2 to continue to

decrement OBO.

10 [0084] If OBO equals to the predetermined value, then the method 1100
continues at operation 1108 with randomly selecting one RU of the RUs for
random access. For example, HE §TAZ 204 .2 may randomiy select one of the
Rl indicated for random access 402.1. The RUs indicated in the ingger frame
may be said to be assigned for random access.

15 |008s] The method 1100 continues at operation 1112 with is CS to be
performed. If C8 1s not to be performed, then the method 1100 continues at
operation 1116 with configure the wireless device to transnut a physical (PHY)
layer convergence procedure (PLCP) protocol data units (PPDU) on the selected
RU in accordance with OFDMA. For example, HE STAZ2 204.2 may transmit

20 PPDU 220.1 on RU assigned for random access 402, 1.

[0036] It the €S8 15 to be performed, the method 1100 continues at
operation 1113 with determining a virtual S based on one or more network
allocation vectors (NAVs) and perform a physical C8 on the selecied RU. For
example, HE STAZ2 204.2 may determine whether the NAV of HE STAZ 205.2

25  isidle, and HE STA2 204.2 may perform a physical C§ of the selected RU.
{6087] The method 1100 continues at operation 1114 with are the virtual
CS and phvsical CS idle. If the virtual CS and the physical CS are idle, then the
method 1100 continues at operation 1116,

[0083] If the virtual CS and physical C8 are not idle, then the method

30 1100 continues at operation 1118 with refraining from transmitting. Operation

1118 may mnclude one or more of the following operations: set the value of the

OBO field to 0 for a next trigger frame; randomly select the value of the OBO

field from 0 to a value of an OFDMA OCW minimum field; double the value of

8
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the OCW field from a current value of the OCW field; randomly select anew
value for the value of the OBO field from 0 to a value of the OCW field for a
next trigger frame; and, reload the value of the OBO field o a value of the OBO
field before the value of the OBO field is decremented.

U

{6089] FiG. 12 illustrates a method 1200 of random access with carrier

sensing in accordance with some embodiments. The method 1200 begins at

operation 1202 with decoding a trigger frame for random access, the trigger

frame for random access to indicate resource units {RUs) for random access.

{094 For example, HE 8TAs 204 may decode TF 210.1 resource

10 allocation 214. 1, which may mdicate RUs for randor access.
9091] The method 1200 continues at operation 204 with decrementing
an OBO. For example, the OBO may be decremented with a number of the RUs
for random access. The OBO may be decremented i a different manner as
disclosed herein. In some embodiments, the OBO may be decremented only to

15 zero and not negative numbers.
{60921 The method 1200 continues at operation 1206 with is OB rero
or does it decrement to zero. For example, HE STA2 204.2 may determune if
OBO 302 equals zero. HE STA2 204.2 may decrement OBO based on a number
of RUs in the resource allocation 214.1. In some embodiments, HE STAZ 204 2

28 may decrement OBO in another manner, e.g., based on an idle time of a channel
or based on a nurnber trigger frame for random access, etc.
[0093] If OBO is not equal to zero, then the method 1210 continues at
operation 1210 with refraining from transmitting. For example, HE STAZ2 204.2
may deternune that OBO 1s not zero and wait wntd TF 210.2 to continue to

25  decrement OBO. The method optionally continues with randomly selecting an
RU of a second RU for random access indicted in a subsequent ingger frame.
For example, HE STA1 2041 may randomly select an RU from indicated in TF
210 resource allocation 214.1. In some embodiments, the HE STA 204 may
select the RUJ in the subsequent trigger frame regardless of the value of OBO.

30 (9094 If OBO equals to zero, then the method 1200 continues at

operation 1208 with randomly selecting one RU of the RUs for random access.

For example, HE STA2 204.2 may randomly select RU assigned for random

access 402.1.
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[0095] The method 1200 continues at operation 1214 with are the virtual
CS and physical CS idle. I the virtual CS and the physical CS are 1dle, then the
method 1200 continues at operation {216 with configuring the wireless device to
transmut a PPDU. For example, HE STAZ 204.2 may transmut PPDU 220.1.
{0096} if the virtual CS and physical CS are not idle, then the method

U

1200 continues at operation 1218 with reframing from transmutting. Operation
1218 may include one or more of the following operations: setting OBO to 0 for
a next trigger frame for random access; doubling OCW and randomly selecta
new value for OBO from 0 to OCW for a next trigger frame; reloading 0BG to a
10 value of OBO before OBO was to be decremenied; and, operation 1220 of
decrementing the OBO counter in a next trigger frame for random access.
18097} FiG. 13 illustrates a block diagram of an example machine 1300
upon which any one or more of the techniques (e.g., methodologies) discussed
herein may perform. In alternative embodiments, the machine 1300 may operate
15 as astandalone device or may be connected (e.g., networked) to other machines.
In anetworked deployment, the machine 1300 may operate in the capacity of a
server machine, a chient machine, or both in server-chient network environments.
in an example, the machine 1300 may act as a peer machine in peer-to-peer
{P2P) {or other distributed) network environment. The machine 1300 may be a
28 master station 102, HE station 104, personal computer (PC), atablet PC, a set-
iop box (8TB), a personal digital assistant (PIDA), a portable communications
device, a mobile telephone, a smart phone, a web appliance, a network router,
switch or bridge, or anv machine capable of executing instructions (sequential or
otherwise) that specify actions to be taken by that machine. Further, while only
25  asingle machine is illustrated, the term “machine” shall also be taken to include
anv coilection of machines that imdividually or jointly execute a set {or muliiple
sets) of instructions to perform any one or more of the methodologies discussed
herein, such as cloud computing, software as a service (SaaS8), other computer
cluster configurations.
30 [0098] Machine {e.g., computer system)} 1300 may include 3 hardware
processor 1302 (e g., a central processing unit ({CPL), a graphics processing unit

{(GPU), a hardware processor core, or anv combination thereof), a main memory
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1304 and a static memory 1306, some or all of which may comimunicate with
each other via an mteslink (e.g., bus) 1308,
{0099} Specific examples of main memory 1304 include Random Access

Memory (RAM), and semiconductor memory devices, which may include, in

U

some embodiments, storage focations in semiconductors such as registers.
Specific examples of static memory 1306 include non-volatile memory, such as
senuconductor memory devices (e.g., Electrically Programmable Read-Only
Memory (EPROM), Electrically Erasable Programmable Read-Only Memory
{(EEPROM)) and flash memory devices: magnetic disks, such as internal hard
10 disks and rernovable disks; magneto-optical disks: RAM; and CD-ROM and
DV D-ROM disks.
[00100] The machine 1300 may further include a display device 1310, an
mput device 1312 (e.g., a kevboard), and a user interface (UT) navigation device
1314 (e.g., amouse). In an example, the display device 1310, input device 1312
15 and Ul navigation device 1314 may be a touch screen display. The machine
1300 may additionally include a mass storage (e.g., drive unity 1316, a signal
generation device 1318 {(e.g.. a speaker), a network interface device 1320, and
one or more sensors 1321, such as a global positioning svstem {GPS) sensor,
compass, accelerometer, or other sensor. The maching 1300 may include an
28 ouiput coniroller 1328, such as a serial {e.g., universal serial bus (USB), parallel,
or other wired or wireless {e.g., infrared(IR}, near field communication (NFC),
etc.) conmection to communicate or control one or more peripheral devices {e.g.,
a printer, card reader, eic.}. In some embodiments the processor 1302 and/or
mstructions 1324 may comprise processing circuitry and/or transceiver circuitry.
25 {06161} The storage device 1316 may include a machine readable medium
1322 on which is stored one or more sets of data structures or instructions 1324
{e.g., software} embodyving or utilized by any one or more of the techniques or
functions described herein. The instructions 1324 may also reside, completely or
at least partially, within the main memory 1304, within static memory 1306, or
30 within the hardware processor 1302 during execution thereof by the machine
1300, In an example, one or any combination of the hardware processor 1302,
the main memory 1304, the static memory 1306, or the storage device 1316 may

constitute machine readable media.

v
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[00102] Specific examples of machine readable media may include: non-
volatile memory, such as semiconductior memory devices {e.g., EPROM or
EEPROM) and flash memory devices; magnetic disks, such as internal hard
disks and removable disks; magneto-optical disks; RAM; and CD-ROM and
DVD-ROM disks.

U

{80103} While the machine readable medimm 1322 15 illusirated 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 o store the one or more instructions
10 1324
[00104] An apparatus of the machine 1300 may be one or more of a
hardware processor 1302 (e.g., a central processing unit (CPU}, a graphics
processing wut {GPU), a hardware processor core, or any combination thereof),
a main mernory 1304 and a static roemory 1306, sensors 1321, network interface
15 device 1320, antennas 1360, a display device 1310, an input device 1312, a Ul
navigation device 1314, amass storage 1316, mstructions 1324, a signal
generation device 1318, and an output controller 1328, The apparatus mayv be
configured to perform: one or more of the methods and/or operations disclosed

herein. The apparatus may be intended as a component of the machine 1300 to

20 perform one or more of the methods and/or operations disclosed herein, and/or to
perform a portion of one or more of the methods and/or operations disclosed
herein. In some embodiments, the apparatus may include a pin or other means to
recetve power. In some embodiments, the apparatus may include power
conditioning hardware.

25 {09105] The term “machine readable medium™ may include any medium

that is capable of storing, encoding, or carrying instructions for execution by the
machine 1300 and that cause the machine 1300 to perform any one or more of
the techniques of the present disclosure, or that is capable of storing, encoding or
carrving data structures used by or associated with such instructions. Non-

30 himiting machine readable medium examples may include solid-state meamories,
and optical and magnetic media. Specific examples of machine readable media
may include: non-volatile memory, such as semiconductor memory devices (2.g.,

Electrically Programmabile Read-Only Memory (EPROM), Electrically Erasable
22
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Programmable Read-Only Memory (EEPROM}) and flash memory devices;
magnetic disks, such as internal hard disks and removable disks; magneto-optical
disks; Random Access Memory {RAM); and CD-ROM and DVD-ROM disks.

In some examples, machine readable media may include non-transitory machine

U

readable media. In some examples, machine readable media may include

machine readable media that is not a transitory propagating signal,

[00106] The instructions 1324 may further be transmitted or received over

a communications network 1326 using a transmission medium via the network

mierface device 1320 utilizing any one of a number of transfer protocols (e.g.,

10 frame relay, intemet protocol (IP), transmission conirol protocol (TCP), user
datagram protocol (UDP), hvpertext transfer protocol (HTTP), etc). Example
communication networks may include a local area network (LAN), a wide area
network (W AN}, a packet data network (e.g., the Internet), mobile telephone
networks {(e.g., cellular networks), Plain Old Telephone (POTS) networks, and

15 wirgless data networks {e.g., Institute of Electrical and Electronics Engineers
(IEEE) 80211 family of standards known as Wi-Fi®, TEEE 802.16 famuly of
standards known as WiMax®), IEEE 802.15.4 family of standards, a Long Term
Evolution (LTE) farmuily of standards, a Universal Mobile Telecomnmumications
System (UMTS) family of standards, pear-to-peer (P2P) networks, among

20 others.
[00167] In an example, the network interface device 1320 may include
one or more physical jacks {e g., Ethemnet, coaxial, or phone jacks}) or one or
more antennas to connect 1o the commumications network 1326, In an example,
the network interface device 1320 may include one or more antennas 1360 fo

25  wirelessly communicate using at least one of single-input multiple-output
{SIM(), muldtiple-input multiple-output (MIMO), or multiple-input single-output
(MISO) technigues. In some examples, the network interface device 1320 may
wirelessly communicate using Multiple User MIMO technigues. The term
“ransmission medium’ shall be taken to include any intangible medium that is

30 capable of storing, encoding or carrving mstructions for execution by the

machine 1300, and includes digital or analog communications signals or other

mtangible medium to facilitate conmimunication of such software.

23
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[00108] Examples, as described herein, may include, or may operate on,
togic or a number of components, modules, or mechanisms. Modules are
tangible entities {(e.g., hardware)} capable of performing specified operations and

may be configured or arranged in a certain manner. In an example, circuils may

U

be arranged {e.g., internally or with respect to external entities such as other
circuits) in a specified manner as a module. In an example, the whole or part of
one or more computer systems {e.g., a standalone, client or server computer
system) or one or more hardware processors may be configured by firmware or
software (e.g., instructions, an application portion, or an application) as a module
10 that operates to perform specified operations. In an exarople, the software may
reside on a machine readable medium. In an example, the software, when
executed by the underlving hardware of the module, causes the hardware 1o
perform the specified operations.
[00109] Accordingly, the term “module” is understood o encompass a
15 tangible entity, be that an entity that is phvsically constructed, specifically
configured {(e.g., hardwired}, or temporanly {e.g., transitonily) configured (e.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 anv one

o2

moment in time, For example, where the modules comprise a general-purpose
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, 1o
constitute a particular module at one instance of time and to coustitute a different
25  module at a different instance of time.
{00110} Various embodiments of the invention mav be implemented fully
or partially in software and/or firmware. This software and/or firroware may
take the form of instructions contained n or on a non-~transifory computer-
readable storage medium. Those instructions may then be read and executed by
30 one or more processors 1o enable performance of the operations described
herein. The mnstructions may be 1o any suitable form, such as but not limited fo
source code, compiled code, interpreted code, executable code, static code,

dynamic code, and the like. Such a computer-readable medium may include any
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tangible non-transitory medium for storing information in a form readable by
one or more computers, such as but not imited to read only memory (ROM);
random access memory (RAM); magnetic disk storage media; optical storage

media; flash memory, etc.

U

{00111} Example 1 15 an apparatus of a wireless device, the apparatus
comprising: memory; and processing circuitry coupled to the memory, the
processing circuity configured to: decode a trigger {rarme, the trigger frame to
mndicate resource units {RUs) for random access and to indicate if a carrier sense
(C8) 15 to be performed; decrement a value of an orthogonal frequency division
10 multiple-access (OFDMA) backott (OBO) field based on a number of the RUs
indicated for random access; and when the value of the OBO field reaches a
predetermined value, randomly select one of the RUs indicated for random
access, and if the C8 is 1o be performed, deternmine a virtual CS based on one or
more network allocation vectors (NAVs) and perform a physical CS on the

15 selected RU, and if the virtual C8 and the physical CS both indicate that the
selected RU 1s idle, configure the wireless device 1o transmit a physical (PHY)
layer convergence procedure (PLCP) protocol data units (PPDU) on the selected
RU in accordance with OFDMA.

[00112] In Example 2, the subject matter of Example 1 optionally includes

20 wherein the processing curcuiry is further configure to: if OBO equals zero and
if the CS 1s not to be performed before transmitting on the one RU, configure the
wirgless device to transmit the PPDU in the one RU without determuning the
virtual CS based on the one or more NAVs or performing the physical CS on the
selected RU.

25 {09113] In Example 3, the subject matier of any one or more of Examples
1-2 optionally include wherein the processing circuitry is further configured to:
if the value of the OBO field reaches a predetermined value, and if the virtual CS
or the physical CS indicates that the selected RU 1s busy, refrain from
transmitting the PPDU in the one RU.

30 [00114] In Example 4, the subject matter of anv one or more of Examples

1-3 optionally include wherein the trigger frame comprises indicates that the

trigger frame is a trigger frame for random access.
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[00115] In Example 5, the subject matter of any one or more of Examples
1—4 optionally include wherein the predetermined value is zero.
{001 16} In Example 6, the subject matier of any one or more of Examples

1-5 optionally include wherein the processing circuitry is further configured to:

U

determine that the virtual C8 indicates busy if a NAV of the one or more NAVs

15 set and the set NAV was not set by a frame originaling from a same wireless

device that is to transnut the trigger frame or from a second wireless device that

1s part of the same basic service (BSS) set as the wireless device of the
apparatus.

10 {00117] In Example 7, the subject matier of any one or more of Examples
1-6 optionally include wherein the processing circuitry is further configured to:
determine that the virtual C8 indicates busy if a NAYV is set of the one or more
NAVs and the PPDU {o be transmitied by the wireless device 15 not an
acknowledgement frame with a first duration below a threshold duration ora

15 block acknowledgment frame with a second duration below the threshold
duration.

[00118] In Example 8, the subject matier of any one or more of Examples
1-7 optionally include wherein the processing circuitry is further configurad to:
when the value of the OBO field reaches a predetermined value, and if the CS is

28 o be performed and if the virtual CS or the physical CS indicate the one RU 15
busy, perform one from the following group: set the value of the OBO field t0 0
for anext trigger frame; randomly select the value of the OBO field from 0 to a
value of an OFDMA Contention Window (OCW) minimum field; double the
value of the OCW field from a current value of the OCW field; randomly select

25  anew value for the value of the OBO field from 0 fo a value of the OCW field
for a next trigger frame; and, reload the value of the OBO field to a value of the
0OBO field before the value of the OBO field i1s decremented.

[00119] In Example 9, the subject matter of any one or more of Examples

1-8 optionally include wherein the processing circuitry is further configured to:
30 if the trigger frame is an inttial transmussion, randomly select a value for the
OBO field from 0 to a nunimum value of an OFDMA contention window

(GCWY (OCWmin) field.
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{00120 In Example 10, the subject matter of any one or more of
Examples 1-9 optionally mclude wherein the processing circuitry is further
configured to: perform the physical CS of the selected RU based on energy

detect (ED).

U

{00121} In Example 11, the subject matter of Example 10 optionally

mcludes wherein the physical CS of the selected RU is to be performed on a 20

MHz bandwidth basis.

[00122] In Example 12, the subject matter of Example 11 optionally

mcludes wherein the wireless device comprises carrier sensing hardware to

10 perform ED for each 20 MHz channel that comprises the RUs indicated for
randont access.
{00123] In Example 13, the subject matter of any one or more of
Examples 10-12 optionally include wheremn the processing curcuttry is further
configured to: perform the phvsical C8 of the selected RU by performing a

15 physical carrier sense of a 20 MHz primary channel, a secondary 20 MHz
charmel, a secondary 40 MHz channel, and a 80 MHz channel, and assign each
of the RUs indicated for random access as idle or busy based on the results.
[00124] In Example 14, the subject matter of any one or more of
Examples 113 optionally include wherein the processing circuitry is further

20 configured to: if the value of the value of the OBO field 15 not equal to zero,
refrain from transmitting and continue o decrement the value of the OBO field
i a subsequent trigger frame.
[00125] In Example 15, the subject matier of any one or more of
Examples 1-14 optionally include wherein each of the RUs for random access

25  are a same size.
{00126] In Example 16, the subject matter of any one or more of
Examples 1-15 optionally include wherein the wireless device 1s one from the
following group: an Institute of Electrical and Electronic Engineers (IEEE)
802.11ax access point, an IEEE 802.11ax station, an IEEE 80211 station, and an

30 IEEE 802.11 access point.

[00127] In Example 17, the subject matter of any one or more of

Examples 1-16 optionally include transceiver circuitry coupled to the processing

circuitry; and, one or more aniennas coupled to the transceiver circuitry.
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[00128] Example 18 15 a non-transitory computer-readable storage
medium that stores instructions for execution by one or more processors, the
mstructions to configure the one or more processors to cause an apparatus of a

wireless device to: decode a trigger frame for random access, the trigger frame

U

for random access to indicate resource units (RUs) for random access; and if an
orthogonal {frequency division multiple-access (OFDMA)} backoff (OBQO) is zero
or decrements to zero, randomly select one RU of the RUs for random access,
and if a virtual €8 and a physical S of the one RU indicates the one RU is idle,
configure the wireless device to transmit a physical (PHY) laver convergence
10 procedure (PLCP) protocol data units (PPDU) on the one RU in accordance with
OFDMA, if the virtual CS or the physical CS of the one RU indicates the one
R 1s busy, refrain from transmitting the PPDU.
[80129] In Example 19, the subject matter of Example 18 optionally
mcludes wherein the instructions further configure the one or more processors to
15 cause the apparatus to: if OBO is zero or decrements {6 zero, and the virtual C8
or the physical C§ of the one RU mdicates the one RU 1s busy, randomly select a
second RU of second RUs for random access indicated in a subsequent trigger
frame.
{00130] In Example 20, the subject matter of any one or more of
20 Examples 18-19 optionally include wherein the instructions further configure
the one or more processors to cause the apparatus {o: if OBO it not zero, resume
decrementing the OBO counter in a next trigger frame for random access.
{00131} Exampie 21 1s a method performed by a wireless device, the
method comprising: decoding a trigger frame, the tnigger frame to indicate
25 resource units (RUs} for random access and to indicate if a carrier sense (CS) is
to be performed; decrementing a value of an orthogonal frequency division
multiple-access (OFDMA) backoff (OBO) field based on a number of the RUs
mndicated for random access; and when the value of the OBO field reaches a
predetermined value, randomly selecting one of the RUs indicated for random
30 access, and if the TS is to be performed, determining a virtual CS based on one
or more network allocation vectors (NAVs) and perfornung a physical C8 on the
selected RU, and if the virtual CS and the physical C8 both indicate that the
setected RU is idle, configuring the wireless device to transmmt a physical (PHY)
28
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fayer convergence procedure (PLCP) protocol data units (PPDU} on the selected
RU in accordance with OFDMA.
[60132] In Example 22, the subject matier of Example 21 optionally

includes the method further comprising: configuring the wireless device to

U

transmit the PPDU in the one RU without determining the virtual CS based on

the one or more NAVs or performung the physical CS on the selected R, if

OBO equals zero and if the CS 1s not to be performed before transmitting on the

one RU.

[06133] Example 23 1s an apparatus of a first wireless device, the

10 apparatus comprising mernory; and processing circuttry coupled to the memory,
the processing circuity configured to: encode a trigger frame for random access,
the trigger frame for random access to indicate resowrce units (RUs) for random
access and to mdicate if a carrier sense {C8) is 1o be performed before
iranstitting on the RUs, the RUs for randorn access indicating resource

15  allocations for orthogonal frequency division multiple-access (OFDMA};
configure the first wireless device to transmit the trigger frame for random
access; and decode one or more physical (PHY) laver convergence procedure
{(PLCP) protocol data units (PPDUS) to be received on the RUs for random
access from one or more second wireless devices.

20 [00134] In Example 24, the subject matter of Example 23 optionally
mcludes wherem each of the RUs for random access are a same size.
[00135] In Example 25, the subject matter of any one or more of
Examples 23-24 optionally include transceiver circuitry coupled to the
processing circuitry; and, one or more antennas coupled to the transceiver

25 circuitry.
{00136} Example 26 is an apparatus of a wireless device, the apparatus
comprising: means for decoding a trigger frame, the trigger frame to indicate
resource units {R1Js) for random access and to indicate if a carmier sense (CS) s
to be performed; means for decrementing a value of an orthogonal frequency

30 division mubltiple-accass {OFDMA) backoff (GBO) field based on a number of

the RUs indicated for random access; and when the value of the OBO field

reaches a predetermined value, means for randomly selecting one of the RUs

indicated for random access, and if the C8 i3 to be performed, means for
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determining a virtual €S based on one or more network allocation vectors
(NAVg) and perform a physical CS on the selected RU, and if the virtual CS and
the physical CS§ both indicate that the selected RU is idle, means for configuring

the wireless device o transmit a physical (PHY) layer convergence procedure

5 {PLCP) protocol data units (PPDU) on the selected RU in accordance with
OFDMA.
[00137] In Example 27, the subject matter of Example 26 optionally

mcludes wherein the apparatus further comprises: if OBO equals zero and if the
€S 1s not to be performed before transmitting on the one RU, means for

10 configuning the wireless device to transnut the PPDU in the one RU without
determining the virtual 8 based on the one or more NAVs or performing the
physical TS on the selected R1J.

[80138] In Example 28, the subject matter of any one or more of
Examples 26-27 optionally include wheremn the apparatus further comprises: if

15 the value of the OBO field reaches a predetermined value, and if the virtual 8
or the physical C8 indicates that the selected RU is busy, means for refraining
from transmitting the PPDU in the one RUL
[00139] In Example 29, the subject matter of any one or more of
Examples 26-28 optionally include wherein the trigger frame comprises

20 mdicates that the trigger frame is a trigger frame for random access.

[00140] In Example 30, the subject matter of any one or more of
Examples 26-29 optionally include wherein the predetermined value is zero.
{00141} In Example 31, the subject matier of any one or more of
Examples 26-30 optionally include wherein the apparatus further coraprises:

25  means for determining that the virtual CS indicates busy if a NAV of the one or
more NAVs is set and the set NAYV was not set by a frame originating from a
same wirgless device that is to transmit the trigger frame or from a second
wireless device that is part of the same basic service (BSS) set as the wireless
device of the apparatus.

30 [80142) In Example 32, the subject matier of any one or more of
Examples 26-31 optionally include wherein the apparatus further coraprises:
means for determining that the virtual €S8 indicates busy if a NAV is set of the
one or more NAVs and the PPDU 1o be transmitted by the wireless device is not
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an acknowledgement frame with a first duration below a threshold duration or a
block acknowledgment frame with a second duration below the threshold
duration.

[00143] In Example 33, the subject matter of any one or more of

U

Examples 26-32 optionally include wherein the apparatus further comprises:

when the value of the OBO field reaches a predetermined value, and i the €8 13

io be performed and if the virtual CS or the physical CS indicate the one RU is

busy, means for performing one from the following group: set the value of the

OBO field to 0 for a next trigger frame; randomly select the value of the OBO

10 field from 0 o a value of an OFDMA Contention Window {OCW) nunimum
field; double the value of the OCW field from a current value of the GCW field;
randomtly select a new value for the value of the OBO field from 0 to a value of
the OCW field for a next trigger frame; and, reload the value of the OBO field to
a value of the OBO field before the value of the OBO field 15 decremented.

15 |00144] In Example 34, the subject matter of any one or more of
Examples 26-33 optionally include wherein the apparatus further comprises: if
the trigger frame s an imtial transroission, means for randomily selecting a value
for the OBRO field from 0 to a minimum value of an OFDMA contention window
{OCWY{OCWun) feld.

20 [00145] In Example 35, the subject matter of any one or more of
Examples 26-34 optionally include wherein the apparatus further comprises:
means for performing the physical CS of the sefected RU based on energy detect
(ED).

[60146] In Example 36, the subject matter of Example 35 optionally

25  mcludes wherein the physical €S of the selected RU is to be performed on a 20
MHz bandwidth basis.

[80147] In Example 37, the subject matter of Example 36 optionally
mcludes wherein the wireless device comprises carrier sensing hardware to
perform ED for each 20 MHz channel that comprises the RUs indicated for

30 random access.

[00148] In Example 38, the subject matter of any one or more of

Examples 36-37 optionally include wherein the apparatus further comprises:

means for performing the physical CS of the selected RU by performing a
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physical carrier sense of a 20 MHz primary channel, a secondary 20 MHz
channel, a secondary 40 MHz channel, and a 80 MHz channel, and assign each
of the RUs indicated for random access as idle or busy based on the results.

[00149] In Example 39, the subject matter of any one or more of

U

Examples 26-38 optionally include wherein the apparatus further comprises: if

the value of the value of the OBO field 1s not equal to 7ero, means for refraining

from transmitting and countinue to decrement the value of the OBO fieldin a

subsequent irigger frame.

901507 In Example 40, the subject matier of any one or more of

10 Examples 26-39 optionally include wherein each of the RUs for random access
are a same size.
{00151} In Example 41, the subject matter of any one or more of
Examples 26—40 optionally include wherein the wireless device is one from the
following group: an Institute of Electrical and Electronic Engineers (IEEE)

15 802.11ax access point, an [EEE 802.11ax station, an IEEE 802.11 station. and an
TEEE 802.11 access point.
[00182] In Example 42, the subject matter of any one or more of
Examples 26-41 optionally include means for processing radio wave; and,
means for receiving and transmitting the radic waves coupled to the means for

28 processing the radio waves.
[00153] Exarople 43 is a non-transitory computer-readable storage
medium that stores instructions for execution by one or more processors, the
mnstructions to configure the one or more processors to cause an apparatus of a
wireless device to: encode a trigger frame for random access, the trigger frarme

25  for random access to indicate resource units (RUs) for random access and to
indicate if a carrier sense {CS) is to be performed before transmitting on the
RUs, the RUs for random access indicating resource allocations for orthogonal
frequency division multiple-access (OFDMA); configure the first wireless
device to transmit the trigger frame for random access; and decode one or more

30 physical (PHY) layer convergence procedure (PLTP) protocol data units

(PPDUs) to be received on the RUs for random access from one or more second

wireless devices.
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[00154] In Example 44, the subject matter of Example 43 optionally
mcludes wherein each of the RUs for random access are a same size.
[60155] Example 45 1s a method performed by an apparatus of a wireless

device, the method comprising: encoding a trigger frame for random access, the

U

trigger frame for random access to indicate resource units {RUs) for random
access and to mdicate if a carrier sense {C8) is 1o be performed before
iranstitting on the RUs, the RUs for randorn access indicating resource
allocations for orthogonal frequency division multiple-access (OFDMAY;
configuring the first wireless device to transmut the trigger frame for random
10 access; and decoding one or more physical (PHY) laver convergence procedure
{(PLCP) protocol data units (PPDUS) to be received on the RUs for random
access from one or more second wireless devices.
[80156] In Example 46, the subject matter of Example 45 optionally
mcludes wherem each of the RUs for random access are a same size.
15 |00I87] Example 47 15 an apparatus of a wireless device, the apparatus
comprising: means for encoding a trigger frame for random access, the irigger
frame for random access to indicate resource units (RUs) for random access and
to indicate if a carrier sense (U8) is to be performed before transmitting on the

RUs, the RUs for random access indicating resource allocations for orthogonal

20 freguency division multiple-access (OFDMA); means for configuring the {irst
wireless device to transnut the trigger frame for random access; and means for
decoding one or more physical (PHY ) layer convergence procedure (PLCP)
protocol data units (PPDUs) to be received on the RUs for random access from
one or more second wireless devices.

25 {00158} In Example 48, the subject matter of Example 47 optionally

mcludes wherein each of the RUs for random access are a same size.

[80159] In Example 49, the subject matter of any one or more of

Examples 4648 optionally include means for processing radio wave; and,

means for receiving and transmitting the radio waves coupled to the means for
30 processing the radio waves.

[80160] Example 30 1s an apparatus of a wireless device, the apparatus

compiising: memory; and processing circuitry coupled to the memory, the

processing circuity configured to: decode a trigger frame for random aceess, the
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trigger frame for random access 1o indicate resource units {RUs) for random
access; and if an orthogonal frequency division multiple-access (OFDMA)
backoff (OBQO) is zero or decrements o zero, randomly select one RU of the

RUs for random access, and if a virtual C8 and a physical 8 of the one RU

U

indicates the one RU 1s idie, configure the wireless device {o transmit a physical
(PHY} layer convergence procedure (PLCP) protocol data units (PPDU) on the
one RU m accordance with OFDMA, if the virtual CS or the physical CS of the
one RU indicates the one RU is busy, refrain from transmitting the PPDU.
{90161} In Example 51, the subject matter of Example 50 optionally
10 includes wherein the processing circuitry is further configured to: f OBO 15 zero
or decrements to zero, and the virtual CS or the physical CS of the one RU
indicates the one RU 1s busy, randomly select a second RU of second RUs for
random access indicated in a subsequent tnigger frame.
[00162] In Example 52, the subject matter of any one or more of
15 Examples 50-51 optionally include wheremn the processing circuitry is further
configured to: if OBO it not zero, resume decrementing the OBO counter in a
next trigger frame for random access.
[00163] In Example 53, the subject matter of any one or more of
Examples 50-52 optionally include wherein each of the RUs for random access
20 are asame size.
[00164] In Example 54, the subject matter of any one or more of
Examples 50-33 optionally include wherein the wireless device is one from the
following group: an Institute of Electrical and Electronic Engineers (IEEE)
80211 ax access point, an TEEE 802.11ax station, an IEEE 802.11 station, and an
25 IEEE %02.11 access point,
{00165] In Example 53, the subject matter of any one or more of
Examples S0-54 optionally include transceiver circuitry coupled to the
processing circuitry; and, one or more antennas coupled to the transceiver
circuitry,
30 [90166] Example 56 is a method performed by an apparatus of a wireless
device, the method comprising: decoding a trigger frame for random access, the
trigger frame for random access to indicate resource units {RUs} for random
access; and if an orthogonal frequency division multiple-access (OFDMA)
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backott {OBO) is zero or decrements to zero, randomly selecting one RU of the

indicates the one RU 15 idle, configuring the wireless device to transnut a

physical (PHY) laver convergence procedure (PLCP) protocol data units (PPDU)

U

on the one RU in accordance with OFDMA, if the virtual CS or the physical TS

of the one RU indicates the one RU is busy, refraining from transmitting the

PPDU.

[00167] In Example 57, the subject matter of Example 56 optionally

mcludes the method further comprising: tf OBO is zero or decrements o zero,

10 and the virtual CS or the phyvsical C8 of the one RU indicates the one RU 1
busy, randomly selecting a second RU of second RUs for random access
indicated in a subsequent trigger frame.

[80168] In Example 538, the subject matter of any one or more of
Examples 56-37 optionally include the method further comprising: if OBO it not

15  zero, resuming decrementing the OBO counter in a next trigger frame for
random access.

[00169] In Example 59, the subject matter of any one or more of
Examples 56-58 optionally include wherein each of the RUs for random access
are a same size.

20 [00176] In Example 60, the subject matter of any one or more of
Examples 56-39 optionally include wherein the wireless device is one from the
following group: an Institute of Electrical and Electronic Engineers (IEEE)
802.1%1ax access point, an IEEE 802.11ax station, an IEEE 802.11 station, and an
TEEE 80211 access point.

25 {09171] Fxample 61 s a apparatus of a wireless device, the apparatus
comprising: means for decoding a trigger frame for random access, the trigger
frame for random access to mdicate resource units {RUs) for random access; and
if an orthogonal frequency division multiple-access (OFDMA) backoft (OBO) s
zero or decrements to zero, means for randomly selecting one RU of the RUs for

30 random access, and if a virtual C8 and a physical CS of the one RU indicates the

one RU 15 idle, means for configuring the wireless device to transmit a physical

{(PHY ) layer convergence procedure (PLCP) protocol data units (PPDU) on the

one RU in accordance with OFDMA, if the virtual CS or the physical TS of the
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one RU indicates the one RU 1s busy, means for refraining from transmitting the
PPDL.
[00172] In Example 62, the subject matter of Example 61 optionally

includes the apparatus further comprising: if OBO is zero or decrements to zero,

U

and the virtual CS or the physical CS of the one RU indicates the one RU is

busy, means for randomly selecting a second RU of second RUs for random

access mdicated in a subsequent trigger frame.

[00173] In Example 63, the subject matter of any one or more of

Examples 61-62 optionally include the apparatus further comprising: if OBO i

10 not zero, means for resuming decrementing the OBQO counter in g next trigger
frame for random access.

{00174] In Example 64, the subject matter of any one or more of
Examples 61-63 optionally include the apparatus further comprising:, wherein
each of the RUs for random access are a same size.

15 |00175] In Example 65, the subject matter of any one or more of
Examples 61-64 optionally include wherein the wireless device is one from the
following group: an Institute of Electrical and Electronic Engineers (IEEE)

802 .11 ax access point, an IEFE 802 11ax station, an IEEE 802 11 station, and an
IEEE 802.11 access point.

20 [00176] In Example 66, the subject matter of any one or more of
Examples 61-65 optionally include means for processing radio wave; and,
means for receiving and transmitting the radio waves coupled to the means for
processing the radio waves.

{00177} The Abstract is provided to comply with 37 C.F.R. Section

25 1.72(b) requiring an abstract that will aliow the reader to ascertain the nature and

cist of the technical disclosure. It is subnutied with the understanding that it will

not be used to limit or interpret the scope or meaning of the claims. The
following claims are hereby mcorporated into the detailed description, with each
claim standing on its own as a separate embodiment.

36
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CLAIMS

What 1s claimed is:

I. An apparatus of a wireless device, the apparatus comprising:

U

memory; and processing circuitry coupled to the memory, the processing circuity
configured (o
decode a trigger frame, the trigger frame to indicate resource unts

{RUs) for random access and to indicate 1f a carrier sense (CS) is to be

performed;

10 decrerent a value of an orthogonal frequency division multiple-
access {OFDMA) backoff (OBO) field based on a number of the RUs indicated
for random access; and

when the value of the OBQ field reaches a predetermuned value,
randomly select one of the RUs indicated for randorn access, and

15 tf the S is 1o be performed, determine a virtual CS baged
on one or more network allocation vectors (NAVs) and perform a physical €8
on the selected RU, and

if the virtual CS and the physical CS both indicate that the
selected RU is idle, configure the wireless device to transimt a physical (PHY)

20 layer convergence procedure (PLCP) protocol data units (PPDU) on the selected

RU 1n accordance with OFDMA.

2. The apparatus of claim 1, wherein the processing circuiiry is
further configure to:
25 if OBO equals zero and if the €S is not to be performed before
transmitting on the one RU, configure the wireless device to transmit the PPDU
i the one RU without determining the virtual CS based on the one or more

MNAVs or performing the physical CS on the selected RU.

30 3. The apparatus of claim 1, wherein the processing circuitry is

further configured to:
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if the value of the OBO field reaches a predeterniined value, and

from transmutting the PPDU in the one RU.

5 4, The apparatus of claim 1, wherein the trigger frame comprises
mdicates that the trigger frame 1s a trigger frame for random access.
5. The apparatus of claim 1, wherein the predetermined value is
Zero.
10
6. The apparatus of any of claims 1-5, wherein the processing

circuitry is further configured to:
determine that the virtual CS indicaies busy if a NAV of the one
or more NAVs is set and the set NAV was not set by a frame ongmating froma
15 same wireless device that is to transmit the trigger frame or from a second
wireless device that is part of the same basic service (BSS) set as the wireless

device of the apparatus.

7. The apparatus of any of claims 1-3, wherein the processing
20 cireuitry 1s further configured to:
deternune that the virtual C8 indicates busy 1t a NAV is set of the
one or more NAVs and the PPDU 1o be transmitted by the wireless device is not
an acknowledgement frame with a first duration below a threshold duration or a
block acknowledgment frame with a second duration below the threshold

25  duration.

8. The apparatus of any of claims 1-5, wherein the processing
circwitry 1s further configured to:
when the value of the OBO field reaches a predeternuned value,
30 andif the CS is to be performed and if the virtual C8 or the physical C5 indicate
the one R1J is busy, perform one from the following group: set the value of the
OBO field to 0 for a next trigger frame; randomly select the value of the OBO

field from 0 to a value of an OFBMA Contention Window (OCW) minimum
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field; double the value of the OCW field from a current value of the OCW field;

randomby select a new value for the value of the OB field from 0 to a value of

the OCW field for a next frigger frame; and, reload the value of the OBO field to
a value of the OBQ field before the value of the OBO field is decremented.

U

9. The apparatus of any of claims 1-5, wherein the processing
circwitry 1s further configured to:
if the trigger frame is an initial transmission, randomly select a
value for the OBO field from 0 {0 3 mumimum valoe of an OFBMA contention

10 window {OCW) {OCWmin) field.

10, The apparatus of any of claims 1-3, wherein the processing
circuitry 1s further configured to:
perform the physical €8 of the selected RU based on energy

15 detect (ED).

i1 The apparatus of claim 10, wherein the physical CS of the

selected RU is to be performed on a 20 MHz bandwidth basis.

20 12, The apparatus of claim 11, wherein the wireless device comprises
carrier sensing hardware to perform ED for each 20 MHz channel that comprises

the RUs indicated for random access.

3. The apparatus of claim 10, wherein the processing circuitry s
25 further configured to:
perform the physical CS of the selected RU by performing a
physical carrier sense of a 20 MHz primary channel, a secondary 20 MHz
channel, a secondary 40 MHz channel, and a 80 MHz channel, and assign each
of the RUs indicated for random access as idle or busy based on the resuits.
30
i4. The apparatus of any of clairos 1-5, wherein the processing

circuitry is further configured to:

39
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if the value of the value of the OBO field is not equal to zero,
refrain from transmutting and continue to decrement the value of the OBO field

n a subsequent trigger frame.

U

15.  The apparatus of any of claims 1-5, wherein each of the RUs for

random access are a same size,

16.  The apparatus of any of claims 1-5, wherein the wireless device is
one from the following group: an Institute of Electrical and Electronic Engineers
10 (IEEE) 802.11ax access point, an IEEE 802 11ax station, an IEEE 80211

station, and an IEEE 802 11 access point,

17. The apparatus of any of claims 1-5, further comprising
iransceiver circuitry coupled fo the processing circuitry; and, one or more

15  antennas coupled to the transceiver circuitry.

8. A non-transitory computer-readable storage medium that stores
mstructions for execution by one or more processors, the instructions to
configure the one or more processors (o cause an apparatus of a wireless device

200 o
decode a trigger frame for randoro access, the trigger frame for
random access to indicate resource units (RUs) for random access; and
if an orthogonal frequency division multiple-access (OFDMA}
backoff (OBO) is zero or decrements to zero, randomly select one RU of the
25  RUs for random access, and if a virtual CS and a physical C8 of the one RU
indicates the one RU 1s idie, configure the wireless device {o transmit a physical
(PHY} layer convergence procedure (PLCP) protocol data units (PPDU) on the
one RU m accordance with OFDMA, if the virtual CS or the physical CS of the
one RU indicates the one RU is busy, refrain from transmitting the PPDU.
30

19. The non-transitory computer-readable storage medium of claim

18, wherein the instructions further configure the one or more procassors {0

cause the apparatus {0
40
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if OBO 15 zero or decrements to zero, and the virtual CS or the
physical CS of the one RU mdicates the one RU 1s busy, randomly select a
second RU of second RUs for random access indicated in a subsequent trigger

frame.

U

20.  The non-transitory computer-readable storage medium of claims
18 or 19, wherein the mstructions further configure the one or more processors
to cause the apparatus o
tf OBO it not zero, resume decrementing the OBO counterin a

10 next trigger frame for random access.

21, A method performed by a wireless device, the method
comprising:
decoding a trigger frame, the trigger {rame to indicate resource
15 units {RUs) for random access and to indicate if a carrier sense (CS) s to be
performed;
decrementing a value of an orthogonal frequency division
multiple-access (OFDMA) backoff (OBO) field based on a number of the RUs
indicated for random access; and
20 when the value of the OBQ field reaches a predetermuned value,
randomly selecting one of the RUs indicated for random access, and if the CS1s
to be performed, determining a virtual CS based on one or more network
allocation vectors (NAVs) and performing a physical TS on the selected RU, and
if the virtual CS and the physical CS both mdicate that the selected RU 15
25  1idle, configuring the wireless device to transmit a physical (PHY ) layer
convergence procedure (PLUP) protocol data units {(PPDU) on the selected RU
in accordance with OFDMA.

22 The method of claim 21, the method further comprising:
30 configuring the wireless device to transmit the PPDU in the one
RU without determining the virtual C8 based on the one or more NAVs or
performing the physical CS on the selected RU, if OBO equals zero and if the

S is not to be performed before transmiiting on the one RU.
4
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23. An apparatus of a first wireless device, the apparatus comprising
memory; and processing circuitry coupled to the memory, the processing circuity

configured to;

U

encode a trigger frame for random access, the trigger frame for
random access to indicate resource units (R1s) for random access and to indicate
if a carrier sense (C8) is to be performed before transmutting on the RUs, the
RUs for random access indicating resource allocations for orthogonal frequency
division muliiple-access {OFDMAY
10 configure the first wireless device 1o transmit the trigger frame for
random access; and

decode one or more physical (PHY) layer convergence procedure
{PLCP) protocol data units (PPEUs) to be received on the RUs for random

access from one or more second wireless devices,

24, The apparatus of claim 23, wherein each of the RUs for random

ACCHSS are a same size,

25, The apparatus of claims 23 or 24, further comprising transceiver

o2

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

io the transceiver circuitry.
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TO BE PERFORMED BEFORE TRANSMITTING ON THE RUS

l

IF THE CS IS TO BE PERFORMED BEFORE TRANSMITTING ON THE RUS,
704 A, AND IF A VIRTUAL CS INDICATES BUSY, REFRAIN FROM

DECREMENTING AN ORTHOGONAL FREQUENCY DIVISION MULTIPLE-
ACCESS (OFDMA) BACKOFF (OBO)

:

IF THE CS IS TO BE PERFORMED BEFORE TRANSMITTING ON THE RUS,
706 A,  ANDIF THE VIRTUAL CS INDICATES IDLE, DECREMENT THE OBO
BASED ON A NUMBER OF THE RUS

l

PHYSICALLY SENSE THE RUS TO DETERMINE A NUMBER OF THE RUS
208 ,\J THAT ARE IDLE AND A NUMBER OF THE RUS THAT ARE BUSYAND |

 DECREMENT THE OBO WITH THE NUMBER OF THE RUS THAT ARE

| IDLE.

IF OBO EQUALS ZERO AND THE NUMBER OF THE RUS THAT ARE IDLE

IS AT LEAST ONE, RANDOMLY SELECT ONE OR MORE OF THE RUS OF

7107 THE NUMBER OF THE RUS THAT ARE IDLE, AND CONFIGURE A

WIRELESS DEVICE TO TRANSMIT A PPDU ON THE ONE OR MORE OF
THE RUS
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