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Although the STA 306 has been the TWT requester in the aforementioned
disclosure, in another configuration. the AP 302 may be the TWT requester and the
STA 306 may be the TWT responder. In yet another configuration, the TWT setup
and negotiation may occur between two STAs, such as the STAs 306, 308. STAs
may perform TWT negotiation with each other when engaged in device-to-device
communication such as in Tunneled Direct Link Setup (TDLS).

In an aspect, after TWT setup and negotiation, the STA 306 may not transmit a
frame to the AP 302 during a wrigger-enabled TWT service period (e.g., a TWT
service period during which the AP 302 has indicated its intention to transmit a
trigger frame by setting the trigger field of the TWT element exchanged during the
TWT setup to 1) except when the frame is solicited by a trigger frame from the AP
302. However, if the STA 306 has data to transmit outside of a TWT SP, then the
STA 306 may contend for the medium using lower priority enhanced distributed
channel access (EDCA) parameters with respect to other STAs. Lower priority may
be achieved, for example, by using EDCA parameters allocated to MU STAs or to
TWT STAs. Such EDCA parameters may be associated with lower access
categories such as access category best effort (AC_BE) or access category
background (AC_BK), as opposed to the higher priority access categories such as
access category video (AC_VI) or access category voice (AC_VO). In an aspect,
the EDCA parameters may include a minimum contention window (CWMIN), a
maximum contention window (CWMAX), an arbitration inter-frame spacing
number (AIFSN), and/or a transmit opportunity (TXOP). The AC_BE and AC_BK
access categories may have less favorable CWMIN, CWMAX, TXOP, and/or
AIFSN values for medium contention.

Also, after the STA 306 negotiates an individual TWT session, the STA 306
may remain awake for at least an AdjustedMinimumTWTWakeDuration (e.g.. a
minimum time duration associated with a TWT service period) following the TWT
start time to wait for a trigger message 316 from the AP 302. In another aspect,
when the STA 306 transmits the frame during a trigger enabled TWT service period
based on the trigger message 316, the STA 306 may be granted special medium
access privileges (e.g.. the STA 306 does not contend for the medium based on
EDCA access categories or parameters when the transmitted frame is a response to a

trigger frame).

26

559



WO 2016/123403 PCT/US2016/015465

[0082]

[0083]

[0084]

[0085]

[0086]

In another aspect, after the STA 306 has negotiated an individual TWT session
with the AP 302, the STA 306 may need not to read a beacon frame from the AP
302 because the STA 306 may not be expected to follow a broadcast TWT, which
will be further discussed below.

In essence, the TWT operation as described offers several benefits. TWT
operation improves channel contention because the wake times of STAs are ecither
spread out for SU mode or concentrated within the same period of time to exchange
frames in MU mode. STAs may wake up during scheduled target wake times and
go to sleep outside of a TWT service period. TWT operation also reduces power
expenditure because DL/UL frame exchange airtime is reduced.

Additionally, although the aforementioned signaling has been discussed with
respect to the TWT element (e.g., the TWT element 200 in FIG. 2), similar signaling
may be utilized in a RAW parameter set (RPS). For example, an RPS may include
one or more RAW start time fields and a trigger field. The trigger field in the RPS
may indicate whether a trigger frame is to be transmitted at the start of the RAW.

Although FIG. 2 and the aforementioned description disclose a single TWT in
the TWT element 200, the TWT element 200 may include one or more TWTs by
adjusting the value of the length field of the TWT element 200. Thus, different
TWT flows may be associated with different device target wake times.
Furthermore, the TWT element 200 may schedule additional TWTs on a periodic
basis. For example, a next scheduled TWT may be implicitly calculated when the
implicit field, as discussed above, is set to 1. The next scheduled TWT may be
calculated based on the scheduled TWT plus a multiple of the TWT wake interval.
In this aspect, a scheduled TWT may be associated with multiple later occurring
scheduled TWTs, and the scheduled TWT may be associated with a corresponding
TWT service period and with multiple later occurring TWT service periods
associated with the later occurring scheduled TWTs.

FIG. 4 is a flowchart of an example method 400 of requesting TWT scheduling.
The method 400 may be performed using an apparatus (e.g.. the AP 302, the STA
306. or the wireless device 1302, infra, for example). Although the method 400 is
described below with respect to the elements of wireless device 1302 of FIG. 13,
infra, other components may be used to implement one or more of the steps

described herein.
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At block 405, the apparatus may transmit a first message that includes a first
trigger field to a second wireless device. The first trigger field may indicate whether
the first message includes a request for a trigger message to be sent by the second
wireless device at a start of a TWT service period For example, referring to FIG. 3,
the apparatus may be the STA 306, and the second wireless device may be the AP
302. The STA 306 may transmit the first message 312 that includes the first trigger
field to the AP 302. The first trigger field has a value of 1, indicating that the first
message 312 includes a request for a trigger frame to be sent by the AP 302. In this
example, the first trigger field having a value of 1 is (or indicates) a request for a
trigger frame. The first message 312 also includes a suggested TWT of a TWT
service period. In another example, the requested TWT may be a null value,
indicating that no specific time is requested for TWT and that the AP 302 is free to
select a scheduled TWT time. In an aspect, the first message 312 may include a
TWT channel field that indicates a channel and a channel width that the STA 306
may use for communicating with the AP 302 during the TWT service period.

At block 410, the apparatus may receive a second message from the second
wireless device. The second message may include TWT parameters and a second
trigger field based on the first message, and the second trigger field may indicate
whether the second wireless device will transmit the trigger message at the start of
the TWT service period. For example, referring to FIG. 3. the STA 306 may receive
the second message 314 from the AP 302. The second message 314 may include
one or more fields (TWT parameters) in a TWT element and a second trigger field
based on the first message 312. The second trigger field may have a value of 1,
indicating that the AP 302 will transmit the trigger frame at a scheduled TWT of the
TWT service period. In an aspect, the scheduled TWT value is later than the
requested TWT value in the first message 312. Moreover, the first message 312
may include an OFDMA bitmap that indicates one or more OFDMA channels and
channel widths, associated with the channels indicated in the TWT channel, for
communicating with the STA 306.

At block 415, the apparatus may determine a TWT schedule based on the
received second message. The apparatus may determine the TWT schedule by
determining whether the TWT schedule is an implicit TWT schedule or an explicit
TWT schedule based on the received second message and by determining one or

more TWTs associated with the TWT schedule based on the received second
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message. For example, referring to FIG. 3, the STA 306 may determine whether the
second message 314 indicates an implicit or explicit TWT schedule based on
whether the implicit field is set to 1 (implicit TWT) or to 0 (explicit TWT). If the
TWT schedule is implicit, then the STA 306 may determine one or more TWTs
associated with the TWT schedule based on a TWT value included in the second
message 314 and based on a TWT wake interval mantissa and a wake interval
exponent included in the second message 314. By contrast, if the TWT schedule is
an explicit TWT schedule, then the STA 306 may determine one or more TWTs
based on the TWTs included in the second message 314.

At block 420, the apparatus may determine whether to transmit to the second
wireless device based on the determined TWT schedule. In one configuration, the
apparatus may determine whether to transmit by determining to transmit during the
TWT service period only when a trigger message is received from the second
wireless device or by determining to transmit outside of the TWT service period
based on EDCA parameters associated with a best effort access category (AC_BE)
or a background access category (AC_BK). For example, referring to FIG. 3, the
STA 306 may determine whether to transmit to the AP 302 based on the determined
TWT schedule. If the STA 306 wants to transmit during a TWT service period
associated with the determined TWT schedule, then the STA 306 may wait for the
trigger message 316 from the AP 302 before transmitting to the AP 302. If the STA
306 transmits during the TWT service period based on the trigger message 316, the
STA 306 may not need to contend for the medium using EDCA. If the STA 306
does not receive the trigger message 316, then the STA 306 may refrain from
transmitting during the TWT service period. In another aspect, if the STA 306 has
data for transmission outside of the TWT service period, then the STA may transmit
based on an EDCA contention for lower priority EDCA parameters associated with
a best effort access category.

At block 425, the apparatus may receive a trigger message based on the
determined TWT schedule. The trigger message may include a cascaded indicator
that indicates whether the second wireless device will transmit another trigger
message after the trigger message in the TWT service period. For example,
referring to FIG. 3, the STA 306 may receive the trigger message 316 based on the

determined TWT schedule. The trigger message 316 may include a cascaded
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indicator set to O that indicates the AP 302 will not transmit another trigger message
in the TWT service period.

At block 430, the apparatus may receive a TWT information message from the
second wireless device. The TWT information message may include a next TWT
value. For example, referring to FIG. 3, the STA 306 may rececive a TWT
information message from the AP 302. In an aspect, the TWT schedule may be an
implicit TWT schedule, and the TWT information message may indicate a different
next TWT than what is implied based on the TWT schedule. In another aspect. the
TWT schedule may be an explicit TWT schedule indicated by the second message
314, and the TWT information message may indicate a next TWT value that is
different from the TWT values indicated in the second message 314.

At block 435, the apparatus may update the TWT schedule based on the received
TWT information message. For example, referring to FIG. 3, the STA 306 may
store and associate the new next TWT value with the determined TWT schedule.

At block 440, the apparatus may transmit a TWT information message to the
second wireless device. The TWT information message may indicate a suspension
of an implicit TWT schedule or a resumption of the implicit TWT schedule after the
implicit TWT schedule has been suspended. For example. referring to FIG. 3. if the
TWT agreement between the STA 306 and the AP 302 is an implied TWT schedule,
and the STA 306 no longer has data to transmit, then the STA 306 may transmit a
TWT information message to the AP 302 signaling a suspension of the implicit
TWT schedule. Subsequently, when the STA 306 has data to transmit, the STA 306
may transmit a second TWT information message to the AP 302 to indicate a
resumption of the suspended TWT schedule.

Although the aforementioned examples describe a STA as an apparatus
performing the steps in the method 400, an AP may also perform the steps of the
method 400. That is. the AP may be the TWT requester and the STA may be the
TWT responder. In another aspect, STAs may be engaging in device-to-device
communications, and one STA may be the TWT requester and another STA may be
the TWT responder.

FIG. 5 is a flowchart of an example method 500 of responding to a request for,
or of transmitting information related to, TWT scheduling. The method 500 may be
performed using an apparatus (e.g.. the STA 306, the AP 302, or the wireless device

1302, infra, for example). Although the method 500 is described below with respect
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to the elements of wireless device 1302 of FIG. 13, infra, other components may be
used to implement one or more of the steps described herein.

At block 505, the apparatus may receive, from a second wireless device, a first
message that includes a first trigger field. The first trigger field may indicate
whether the first message includes a request for a trigger message to be sent by the
apparatus at a start of a TWT service period. For example, referring to FIG. 3, the
apparatus may be the AP 302 and the second wireless device may be the STA 306.
The AP 302 may receive the first message 312 from the STA 306. The first
message 312 may include a first trigger field set to 1. indicating that the first
message 312 requests a trigger frame to be sent by the AP 302. The first message
312 may further include at a requested TWT for the STA 306.

At block 510, the apparatus may determine a TWT schedule based on the
received first message. The apparatus may determine the TWT schedule by
determining if the first trigger field in the first message includes a request for the
trigger message and by scheduling one or more TWTs for the second wireless
device if the trigger field includes the request for the trigger message. For example,
referring to FIG. 3, the AP 302 may determine whether to send a trigger frame to the
STA 306 by determining that the first message 312 includes the first trigger field set
to 1 and by scheduling a TWT for the STA 306. The scheduled TWT may be for an
implicit TWT. In an aspect. the AP 302 may determine the TWT based on the
expected traffic on the wireless medium.

At block 515, the apparatus may transmit a second message to the second
wireless device. The second message may include the TWT schedule and a second
trigger field based on the determined TWT schedule. The second trigger field may
indicate whether the apparatus will transmit the trigger message at the start of the
TWT service period. In one example, referring to FIG. 3, the AP 302 may transmit
the second message 314 to the STA 306. The second message 314 may include the
TWT schedule and a second trigger field having a value of 1 based on the
determination to send a trigger frame to the STA 306. The second message 314 may
also indicate that the trigger frame will be transmitted at the scheduled TWT, which
is different from the requested TWT in the first message 312.

At block 520, the apparatus may transmit a trigger message that includes a
cascaded indicator. The cascaded indicator may indicate whether the apparatus will

transmit another trigger message after the trigger message in the TWT service
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period. For example, referring to FIG. 3, the AP 302 may transmit the trigger
message 316 that includes a cascaded indicator. The cascaded indicator may be set
to 1 and indicate that the AP 302 will transmit another trigger message within the
same TWT service period as the trigger message 316.

At block 525, the apparatus may transmit a TWT information message that
includes a next TWT value that is different from all TWT values associated with the
TWT schedule included in the second message. For example, referring to FIG. 3,
the AP 302 may tansmit a TWT information message that includes a next TWT
value that is different from the TWT wvalues associated with the implicit TWT
schedule included in the second message 314. Alternatively, if the TWT schedule is
an explicit TWT schedule, the AP 302 may transmit a TWT information message
that includes a next TWT wvalue that is different from the TWT values associated
with the explicit TWT schedule.

At block 530, the apparatus may receive a TWT information message from the
second wireless device. The TWT information message may indicate a suspension
of an implicit TWT schedule or a resumption of the implicit TWT schedule after the
implicit TWT schedule has been suspended. For example, referring to FIG. 3, the
AP 302 may receive a TWT information message from the STA 306. The TWT
information message may indicate that the STA 306 wants to suspend the implicit
TWT schedule. In another example, if the implicit TWT schedule has already been
suspended, the AP 302 may receive a TWT information message from the STA 306
indicating a request to resume the implicit TWT schedule.

Although the aforementioned examples describe an AP as an apparatus
performing the steps in the method 500, a STA may also perform the steps of the
method 500. That is, the AP may be the TWT requester and the STA may be the
TWT responder. In another aspect, STAs may be engaging in device-to-device
communications, and one STA may be the TWT requester and another STA may be
the TWT responder.

Broadcast TWT Scheduling

FIG. 6 is an exemplary diagram 600 of a wireless network implementing
broadcast TWT scheduling and an exemplary timing flow diagram 650 for TWT
operation. The diagram illustrates an AP 602 broadcasting or transmitting within a
BSA 604. STAs 606, 608, 610 are within the BSA 604 and are served by the AP
602. The STAs 606, 608, 610 and the AP 602 may perform non-negotiable TWT
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scheduling. In an aspect, wireless devices may optionally negotitate TBTTs during
TWT setup.

In broadcast TWT scheduling, the delivery of TWT schedules may occur
without a negotiation between devices. The AP 602 may determine 612 a TWT
schedule for communicating with one or more STAs. The AP 602 may determine
the TWT schedule by determining that the AP 602 has data to transmit to the STAs
(e.g., buffer approaching capacity or buffered units available for delivery), that the
STAs 606. 608, 610 have data to transmit to the AP 602, and/or that an access
medium is available. Based on such buffer status and network conditions, the AP
602 may schedule one or more wake up times for the STAs 606, 608, 610 after
which the AP 602 may transmit trigger frames to enable communication. The AP
602 may indicate an intention to transmit one or more trigger frames in a first
message 614 (e.g., a beacon frame transmitted at or after a scheduled TBTT (in an
aspect. the TBTT may be negotiated between wireless devices) or a management
message intended for one or more STASs) that is received by the STAs 606, 608, 610
at a given instant of time. The TBTT may correspond to the time when a beacon
carrying the TWT element containing a broadcast TWT is scheduled to be delivered.
The first message 614 may include a TWT element (e.g.. the TWT element 200
illustrated in FIG. 2). The first message 614 may include a first element ID
identifying the TWT element 200 and one or more TWT parameter sets as described
below (see, for example, FIG. 16). In the description below, details are provided to
the signaling contained in one of these TWT parameter sets. The first message 614
may include a first TWT request field having a value of 0 to indicate that the TWT
element is not a request (a TWT request field with a value of O indicates that the
TWT element is a response or is not request). The first message 614 may indicate
one or more scheduled TWTs (either explicitly or implicitly, as discussed above)
that indicate when STAs should wake up. The one or more scheduled TWTs may
not be part of a TWT negotiation; that is, the STAs 606, 608, 610, upon receiving
the first message 614, may not be able to negotiate for a different scheduled TWT.
Further, the STAs 606. 608, 610 may also not be able to negotiate other parameters
within the TWT element. The one or more scheduled TWTs may be included in the
TWT field(s) or other field(s) within the TWT element. The first message 614 may
include a first trigger field with a value of 1 to indicate that one or more trigger

frames will be sent during one or more TWT service periods associated with the one
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or more scheduled TWTs. In other words, the first message 614 may indicate to
STAs that during the TWT service period 1, the STAs may have a scheduled TWT
and a trigger frame may be sent at the scheduled TWT. The first message 614 may
further indicate that other trigger frames may be sent during subsequent TWT
service periods (e.g., TWT service period 2). The first message 614 may include a
broadcast indicator/subfield), which may be a bit that is included in the control field
or some other field within the TWT element. In one aspect, the broadcast indicator
may be set to 1 to indicate the first message 614 includes a TWT element with non-
negotiable parameters (e.g., the TWT element is a broadcast TWT element). In
another aspect, the broadcast indicator may be set to 0 to indicate the first message
614 includes a TWT element with negotiable parameters, in which case the TWT
element may be associated with a solicit TWT as discussed above. In another
aspect, the broadcast indicator may be based on a value of the TWT setup command
subfield of the request type field. For example, when the TWT setup command
subfield is set to a certain value which is any value less than 3, and the TWT request
field is set to 0, then the first message 614 is a non-negotiable TWT scheduling
message.

When a TWT element is transmitted in the first message 614, the first message
614 may include any one of the fields in the TWT element (e.g.. the TWT element
200 in FIG. 2). The TWT element may include multiple groups of fields (or TWT
parameter sets). and each group of fields (or TWT parameter) may correspond to a
single given scheduled TWT. For example, a TWT element may include multiple
scheduled TWTs, and each TWT may be associated with a separate group of TWT
fields (e.g., request type, target wake time, TWT group assignment field, etc.) as
depicted in FIG. 16. In another aspect, instead of having two or more groups of
fields within a single TWT element when multiple TWTs are transmitted within the
first message 614, the AP 602 may include multiple TWT elements within the first
message 614, and each TWT element may include one TWT and an associated
group of TWT fields.

Referring to FIG. 2, the target wake time field may be 8 octets or less. In an
aspect. when the AP 602 broadcasts the TWT element in the first message 614, the
AP 602 may determine to use less than 8 octets to indicate the scheduled TWT to
save space. In an aspect, assuming the AP 602 and the STAs 606, 608, 610 are

already time synchronized (e.g.. the beacon carrying the TWT element already
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carries the TSF timer in the timestamp field), the TWT field may indicate the least
significant octets of the binary value that the timing synchronization function (TSF)
timer will have at the scheduled TWT. For example. the TWT field may use the 3
least significant bytes to indicate the scheduled TWT. In another aspect, the TWT
field may include even less bits if the AP 602 wants to provide less resolution for
the TWT (e.g., 10 ps rather than 1 ps which would be the resolution of a generic
TSF timer for wireless devices). In yet another aspect, the TWT field may be used
to indicate an estimated time at which the trigger frame may be sent or an estimated
time for the scheduled TWT relative to the end of the first message 614. For
example. if the TWT field has a value of 100 ms, that may indicate to the STAs 606,
608, 610 to wake up 100 ms after the last field of the first message 614 is received.
or may indicate to the STAs 606. 608. 610 that the trigger frame may be received by
the STAs 606, 608. 610 approximately 100 ms after the STAs 606, 608, 610
received the entirety of first message 614. In yet another aspect. the subset of bits in
the TWT field may be a shifted subset of the bits corresponding to the TSF timer.
For example, assuming the TSF timer has 8 bytes. Instead of including the least
significant 3 bytes, the subset may be shifted in which the TWT field includes the
second. third. and fourth least significant bytes of the 8 byte representation of the
TSF timer. In certain embodiments, the bit shifting may occur at the bit level rather
than the byte level.

In another aspect. when the TWT element is included in the first message 614,
the TWT wake interval may be valid only for the beacon interval that follows the
first message 614 that is sent at the beginning of the beacon interval. In another
aspect. the TWT wake interval may be valid for the delivery traffic indication map
(DTIM) interval if the first message 614 that includes the TWT element is a DTIM
beacon. In another aspect, the TWT wake interval may be valid for the duration of
the existence of the basic service set. That is, the TWT wake interval may be valid
so long as the STA remains associated with the AP.

In another aspect, the TWT element may include a flow identifier (e.g., one or
more of the TWT flow identifier fields in the requests Tield or another field in the
groups of fields of the TWT element) that indicates one or more types of allowed
data flows. In one configuration. if the TWT flow identifier may have a value of 0,
then the trigger frame associated with the first message 614 may be for wild card (or

random) access from unassociated STAs. If an unassociated STA wants to send an
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association request or a probe request to the AP 602, for example, unassociated
STAs may wake up at the scheduled TWT indicated in the first message 614 and
randomly select a subchannel/subband to transmit the association request/probe
request using on a random back off or another collision avoidance mechanism. If
the TWT flow identifier has a value of 1, then the trigger frame associated with the
first message 614 may be for wild card access from associated STAs. For example,
if the STA 606 receives the first message 614 in a broadcast, the STA 606 may
determine to wake up at the one or more scheduled TWTs indicated in the first
message 614. The STA 606 may receive one or more trigger messages at the one or
more scheduled TWTs and transmit uplink data to the AP 602 after receiving the
one or more trigger messages. If the TWT flow identifier has a value of 2,
associated STAs in power save mode may transmit upon receiving the trigger frame
at the scheduled TWT. If the TWT flow identifier has a value of 3, associated STAs
may transmit voice traffic upon receiving the trigger frame at the scheduled TWT.
If the TWT flow identifier has a value of 4, associated STAs may transmit video
traffic upon receiving the trigger frame at the scheduled TWT.

In another configuration, the types of allowed data indicated by the TWT flow
identifier may include: multi-user OFDMA random access for unassociated STAs,
multi-user OFDMA random access for associated STAs, multi-user downlink
OFDMA scheduled access for TIM STAs, multi-user uplink OFDMA scheduled
access for TIM STAs, multi-user uplink MIMO scheduled access for TIM STAs,
and/or multi-user downlink MIMO scheduled access for TIM STAs.

In the first category, multi-user OFDMA random access for unassociated STAs,
only unassociated STAs may transmit data to the AP 602 following the reception of
the trigger frame sent at the one or more scheduled TWTs during the TWT service
periods by the AP 602. The frames that can be sent by the unassociated STAs may
include a probe request, an association request, a reassociation request, an
authentication request, etc. The frames may be sent in any OFDMA resource
following a random access procedure for selecting the OFDMA resource for
transmission. Regarding the random access procedure, one or more unassociated
STAs may randomly select an OFDMA channel for transmitting the frames. The
unassociated STAs may coordinate with each other such that if two or more

unassociated STAs randomly select the same OFDMA channel, the unassociated
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STAs will randomly select another OFDMA channel until each unassociated STA
has selected a different OFDMA channel.

In the second category, multi-user OFDMA random access for associated STAs,
only associated STAs (STAs 606, 608, 610) may transmit following the reception of
a trigger frame sent by the AP 602 during a TWT service period associated with the
one or more scheduled TWTs. The frames that can be sent by the associated STAs
may be any frame. The frames may be PS-Poll or APSD trigger frames. or any
other frame that can be used to indicate to the AP 602 that the buffer status and/or
transmission preferences of the associated STAs. Transmission preferences may
include a preferred MCS, bandwidth, subchannel, etc.

In the third category. multi-user downlink OFDMA scheduled access for TIM
STAs, only STAs for which an association identifier (AID) corresponds to a value
of 1 in a traffic information map (TIM) eclement bitmap included in a beacon
message (e.g., the first message 614) carrying the TWT element may receive data
from the AP 602 aflter receiving the trigger frame that is sent at the scheduled TWT
or during the TWT service period. In certain embodiments. instead of transmitting a
trigger frame, the AP 602 may transmit downlink data to the STAs in multi-user
OFDMA. The AP 602 may also indicate in the trigger frame uplink OFDMA
resources associated with each STA to be used within the same scheduled TWT or
TWT service period.

In the fourth category. multi-user uplink OFDMA scheduled access for TIM
STAs. only STAs for which an AID corresponds to a value of 1in the TIM element
bitmap included in a beacon message (e.g.. the first message 614) carrying the TWT
element may transmit data after receiving the trigger frame that is sent at the
scheduled TWT during the TWT service period. The AP 602 may indicate that the
TWT service period is allocated for uplink transmission only. The AP 602 may
decide to transmit downlink data to the STAs after terminating the first trigger-
enabled exchange.

In the fifth and sixth categories, multi-user uplink MIMO scheduled access for
TIM STAs and multi-user downlink MIMO scheduled access for TIM STAs. APs
and STAs whose AID bit is | in the TIM element may exchange downlink and
uplink data using multi-user MIMO. As previously indicated other fields. not just

the TWT flow identifier field, may indicate the allowed data categories. For
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example, the TWT wake interval exponent subfield may be overloaded to signal the
allowed data types instead of the TWT flow identifier field.

In another aspect. a flow identifier may be used to indicate a traffic class or
traffic identifier (TID) that identifies a type of traffic allowed to be exchanged
during the TWT service period. For example, as discussed previously, the flow
identifier may be used to indicate the types of flows that may be allowed in response
to a trigger frame. The traffic type may include voice and video traffic.

When the STA 606 receives the first message 614, the STA 606 may determine
whether to be awake during the one or more TWT service periods associated with
the one or more scheduled TWTs included in the first message 614. The STA 606
may determine whether to be awake during the one or more TWT service periods by
determining whether the STA 606 has data to transmit to the AP 602 and by
determining whether the STA 606 expects to receive data from the AP 602.

During a TWT service period associated with the scheduled TWT included in
the first message 614 in which a trigger frame is expected, the STAs 606, 608, 610
may not contend for access to the medium for data transmission. Instead, the STAs
606, 608, 610 may wait to receive a trigger frame 616 sent by the AP 602 that
enables the STAs 606. 608, 610 to transmit data frames. The data frames may be
sent in either single user or multi-user mode.

Assuming the STA 606 determines to participate in TWT scheduling, upon
receiving the trigger frame 616, the STA 606 may transmit data 618 to or receive
data 618 from the AP 602. The data 618 may be transmitted during the TWT
service periods. STAs (e.g.. the STA 606) that fail to transmit after the trigger frame
616 may transmit after the TWT service period ends. The transmission may be a
retransmission of a failed transmission or it may be a resource allocation request.

FIG. 7 is a flowchart of an example method 700 of broadcast TWT scheduling.
The method 700 may be performed using an apparatus (e.g., the AP 602, the STA
606. or the wireless device 1302, infra, for example). Although the method 700 is
described below with respect to the elements of wireless device 1302 of FIG. 13,
infra, other components may be used to implement one or more of the steps
described herein.

At block 705. the apparatus may determine a TWT schedule for other wireless
devices. The apparatus may determine the TWT schedule by determining one or

more fields within the TWT element. In an aspect, the apparatus may determine
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network conditions (e.g.. a number of wireless devices expected to communicate
with the apparatus and/or an amount of traffic on the wireless medium). For
example, referring to FIG. 6, the AP 602 may determine a broadcast TWT schedule
for one or more STAs. The broadcast schedule may include non-negotiable TWT
parameters for communicating with the AP 602. The AP 602 may determine the
broadcast TWT schedule by determining whether to utilize an implicit TWT
schedule or an explicit TWT schedule. Further, the one or more TWTs associated
with the broadcast TWT schedule. The AP 602 may determine any of the other
fields or parameters associated with the TWT element (e.g., the TWT element 200).

At block 710, the apparatus may broadcast a message that includes the TWT
schedule to a plurality of wireless devices. The message may include a broadcast
indicator that indicates the TWT schedule is a broadcast TWT schedule. In an
aspect, the message may include a trigger field that indicates whether the apparatus
will transmit a trigger message at a start of or during a TWT service period. The
message may further include a TWT flow identifier that indicates a type of data flow
allowed during the TWT service period. For example, referring to FIG. 6, apparatus
may be the AP 602. The AP 602 may broadcast the first message 614 that includes a
TWT schedule. The broadcast bit in the first message 614 may be set to I.
indicating that the TWT schedule is a broadcast TWT. The first message 614 may
also include a trigger field set to 1, indicating that the AP 602 will transmit a trigger
frame during the TWT service period. The first message 614 may include an
implicit field set to 0. indicating that the TWT schedule is an explicit TWT
schedule. The first message 614 may further include 4 scheduled TWTs associated
with 4 TWT parameter sets. In an aspect, the first message 614 may include a
repetition indicator that indicates that the TWT schedule is valid for 5 TWT service
periods. In another aspect. the first message 614 may include a TWT protection
indicator set to 1, indicating that messages exchanged between the STA 606 and the
AP 602 are to be preceded by a RTS message from the transmitter and a CTS
message from the receiver.

At block 715, the apparatus may transmit a trigger message based on the TWT
schedule. The trigger message may include a cascaded indicator that indicates
whether the apparatus will transmit additional trigger messages in a TWT service
period. For example, referring to FIG. 6, the AP 602 may transmit the trigger frame

616. In an aspect. for MU operation, the AP 602 may transmit multiple trigger
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frames within a TWT service period to enable multiple STAs to transmit to the AP
602. As such, the AP 602 may transmit the trigger frame 616 addressed to STAs
606, 608 with a cascaded indicator set to 1 to indicate that the AP 302 will transmit
another trigger frame within the same TWT service period. The STAs 606, 608 may
transmit uplink data to the AP 602 based on the trigger frame 616. Subsequently,
the AP 602 may transmit another trigger frame addressed to the STAs 608, 610 to
indicate resources for another uplink transmission.

At 720, the apparatus may transmit a TWT information message to the second
wireless device. The TWT information message may indicate a suspension of the
implicit TWT schedule or a resumption of the implicit TWT schedule after the
implicit TWT schedule has been suspended. For example, referring to FIG. 6. the
AP 602 may transmit a TWT information message to the STAs 606, 608. 610
indicating a suspension of the broadcast TWT schedule indicated in the first
message 614 if the broadcast TWT schedule is an implicit TWT schedule. In an
aspect, the implicit TWT schedule may be suspended based on network conditions,
lack of data for transmission, or to conserve power. In another aspect. to resume a
previously suspended implicit TWT schedule, the AP 602 may transmit a TWT
information message to the STAs 606, 608, 610 indicating a resumption of a
suspended TWT schedule.

At block 725, the apparatus may transmit a TWT information message to the
second wireless device. The TWT information message may indicate a different
scheduled TWT than in the broadcasted message. For example, referring to FIG. 6,
the AP 602 may transmit a TWT information message to the STAs 606, 608, 610
that indicates a different scheduled TWT than what has been implied in the implicit
TWT schedule. In another example, if the TWT schedule is an explicit TWT
schedule, then the TWT information message may include a different scheduled
TWT than the TWTs indicated in the explicit TWT schedule in the first message
614.

Although the aforementioned example provides that an AP broadcasts a TWT
schedule, the STA may broadcast a TWT schedule to an AP or to another STA.

FIG. 8 is a flowchart of an example method 800 of communicating based on
broadcast TWT scheduling. The method 500 may be performed using an apparatus
(e.g., the STA 606, or the wireless device 1302, infra, for example). Although the

method 800 is described below with respect to the elements of wireless device 1302
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of FIG. 13, infra, other components may be used to implement one or more of the
steps described herein.

At block 805, the apparatus may receive from a second wireless device a
message that includes a TWT schedule. The message may include a broadcast
indicator that indicates the TWT schedule is a broadcast TWT schedule. For
example, referring to FIG. 6, the apparatus may be the STA 606. The STA 606 may
receive from the AP 602 the first message 614 that include a TWT schedule. The
first message 614 may include a broadcast indicator set to 1. indicating that the
TWT schedule is a broadcast schedule. The first message 614 may include a trigger
field set to 1, indicating that the AP 602 will transmit the trigger frame 616 at the
start of or during the TWT service period. The first message 614 may further include
a TWT flow identifier set to I, indicating that there are no constraints on the types of
frames or messages during the broadcast TWT service period.

At block 810, the apparatus may determine one or more TWTs for the apparatus
based on the TWT schedule. The apparatus may determine one or more TWTs by
determining if the TWT schedule is an implicit or explicit TWT schedule. If the
TWT schedule is an implicit TWT schedule, then the apparatus may determine one
or more TWTs based on the first TWT indicated in the TWT schedule. Subsequent
TWT may be determined based on the TWT wake interval mantissa and on the wake
interval exponent, which may be indicated in the message or preconfigured at the
apparatus. If the TWT schedule is an explicit TWT schedule, then the apparatus
may extract the one or more TWTs from the received message. For example,
referring to FIG. 6, the STA 606 may determine whether the TWT schedule
indicated in the first message 614 in an implicit or explicit TWT schedule, and either
calculate or extract the TWT values based on the determination.

At block 815, the apparatus may receive a trigger message based on the
determined one or more TWTs. For example, referring to FIG. 6, the STA 606 may
receive the trigger frame 616 based on the determined one or more TWTs.

At block 820, the apparatus may determine to transmit to the second wireless
device during a TWT service period when the trigger message is received from the
second wireless device. For example, referring to FIG. 6, the STA 606 may
determine to transmit to the AP 602 by determining that data is available for

transmission to the AP 602, by determining that the data may be transmitted during
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the TWT service period, and by determining that the trigger frame 616 has been
received from the AP 602.

At block 825, the apparatus may determine to transmit to the second wireless
device outside of the TWT service period based on EDCA parameters associated
with AC_BE or AC BK. For example, referring to FIG. 6, the STA 606 may
determine that data is available for transmission to the AP 602, and either no trigger
frame has been received from the AP 602 or the data cannot wait for the next
available TWT service period. As such. the STA 606 may determine to transmit to
the AP 602 by contending for medium access based on a lower priority EDCA
access category, AC_BE.

At block 830, the apparatus may receive a TWT information message from the
second wireless device. The TWT information message may indicate a suspension
of the implicit TWT schedule or a resumption of the implicit TWT schedule after
the implicit TWT schedule has been suspended. For example, referring to FIG. 6,
the STA 606 may receive a TWT information message from the AP 602, indicating
a suspension of the implicit TWT schedule or a resumption of the suspended,
implicit TWT schedule.

At block 835, the apparatus may receive a TWT information message from the
second wireless device. The TWT information message may indicate a different
scheduled TWT than in the received message. For example, referring to FIG. 6. the
STA 606 may receive a TWT information message from the AP 602, and the TWT
information message may indicating a different scheduled TWT than the TWT
indicated in the first message 614.

TWT Power Save Mode

In future IEEE 802.1 1 standards, an AP may send trigger frames to solicit uplink
data frames from and/or transmit downlink data frames to one or more STAs in
multi-user mode. In general, trigger frames may be generated by the AP any time.
A STA that intends to transmit uplink data may have to stay awake to receive the
trigger frame intended for the STA. However, staying awake during periods when
no trigger frame will be sent may lead to unnecessary power consumption as the AP
can scheduled multiple trigger frames for multiple STAs. One way to resolve this
issue is to allow the STA and the AP to negotiate target trigger transmit times, as

discussed previously, so that the STA knows when the trigger frame(s) will arrive.
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These transmit times may be negotiated (solicit TWT or unsolicit TWT) to be
periodic or aperiodic or may not be non-negotiated (broadcast TWT).

In certain instances, the scheduled TWTs may dynamically change between a
periodic partem to an aperiodic partem based on a partem indication by either the
AP or the STA. The pattern indication may be indicated by an implicit field that is
contained in the message carrying the trigger field. The implicit field may be set to
I to indicate that the partem is periodic and may be set to 0 to indicate that the
pattern is aperiodic.

When the pattern is aperiodic, the next TWT may be explicitly signaled by a
TWT responder (e.g.. an AP). In an aspect, the TWT responder may transmit a
TACK/STACK/BAT or TWT information frames to signal the next TWT. These
frames may contain the value of the next TWT and the TWT flow identifier that
identifies the TWT flow to which the next TWT corresponds to in the case of a
solicit TWT agreement. The TWT requester may request a change of partem for the
next TWT by sending a TACK/STACK/BAT frame that carries a next TWT field.
The TWT requester may confirm the new schedule in a successive frame that
contains a Next TWT field (TACK/STACK/BAT etc).

When the pattern is periodic the TWT responder does not provide the next TWT
during a current TWT service period. Instead the TWT requester implicitly
calculates the next TWT every TWT service period based on the value of the TWT
at the current TWT service period plus the value of the negotiated TWT wake
interval as specified in the negotiation period of the TWT. During a periodic TWT
(i.e., implicit TWT) either of the devices may request a rescheduling of the
parameters for a given TWT flow. This may be performed by sending a request or
response with updated parameters anytime during a TWT service period. The
request or response in this case may have a dialog token that is equal to the dialog
token value exchanged during the TWT setup. Similarly, the request or response
may contain the TWT Flow Identifier for which the rescheduling is requested. The
request may be confirmed, an alternative may be provided, or the request may be
refused. In certain embodiments a response to re-negotiate the parameters may be
non-negotiable and to take effect starting from the next TWT.

In certain cases, even though the AP and the STA may have an agreement (e.g.,
a schedule) for exchanging uplink/downlink frames following the trigger frame in a
periodic pattern (e.g.. during the TWT service periods), there may be periods of time
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where one of the STAs does not expect traffic for a long period of time. As such, a
need exists to enable to STA to indicate a suspension of the agreed upon schedule
for a given amount of time. This way, the STA does not need to wake up during
certain TWT service periods at which the STA has no uplink data to transmit to the
AP. Also in certain cases. the AP does not plan to use the full TWT service period
for sending trigger frames, and, as such., the AP may want to indicate an early
termination of a given TWT service period.

FIG. 9 is an exemplary diagram 900 of a wircless network supporting power
save modes for TWT scheduling and an exemplary timing flow diagram 950 for
TWT operation. The diagram illustrates an AP 902 broadcasting or transmitting
within a BSA 904. STAs 906, 908, 910 are within the BSA 904 and are served by
the AP 902.

In one configuration, the STA 906 (or any other STA) may be in one of two
different power states: an awake state and a doze (or sleep) state. In the awake state,
the STA is fully powered. In the doze state, the STA 906 may not able to transmit
or receive data and may consume very little power. The STA 906 may transition
between the awake state and the doze state based on power management modes—
active mode (AM) and power save (PS) mode. In the active mode, the STA 906
may be in a continually awake state. In the PS mode, the STA 906 is in a doze state
and may enter the awake state to receive selected beacons, to receive group
addressed transmissions following certain received beacon frames, to receive
transmissions during the service period of a scheduled groupcast with retries service
period (GCR-SP), to transmit, or to wait for responses to transmitted PS-poll frames
or to receive contention free (CF) transmission of data.

To change power management modes, the STA 906 may inform the AP 902
through a successful frame exchange that is initiated by the STA 906. The frame
may be a management, extension, or data frame and may include an
acknowledgment (ACK) or a BlockACK frame from the AP 902. The frame may
include a power management subfield(s) in the frame control field, and the power
management subfield may indicate the power management mode that the STA 906
may adopt upon successful completion of the entire frame exchange (e.g.. frame and
acknowledgment). The STA 906 may not change power management mode using a
frame exchange that does not receive an ACK or a BlockACK frame from the AP

902, or using a BlockACKReq frame. When the AP 902 receives the frame from
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the STA 906 indicating a mode change. the AP 902 may store the new power
management mode and transmit the ACK frame to the STA 906.

If the STA 906 has negotiated TWTs with the AP 902, the STA 906 may be in
active mode at each scheduled TWT and for a certain period after that (e.g.. during
the TWT service periods associated with the scheduled TWTs), even though the
STA 906 has no uplink data to transmit. This may be a burden for the STA 906 that
has no more data to transmit to the AP 902. In an aspect, the STA 906 may use a
TWT power save mode to conserve power.

In the TWT power save mode, the STA 906 may be in a doze state and may
enter an awake state at the start of the scheduled TWT and may remain in the awake
state for the duration of one or more TWT service periods associated with the
scheduled TWT. In another aspect, the STA 906 may remain awake for a minimum
time duration that is less than the TWT service period. During times outside of the
TWT service periods, however, the STA 906 may enter a doze state. In the TWT
power save mode, if there are additional TWT service periods associated with the
scheduled TWT and the STA 906 has no more data left to transmit (and/or does not
expect to receive any data from the AP 902), the STA 906 may want to enter the
sleep state for the remaining TWT service periods (e.g.. switch to power save
mode). For this case. a power save move switch signaling is needed as described
below. In one configuration. when the STA 906 is in the TWT power save mode,
the STA 906 may additionally continue to satisfy the requirements of the existing
PS mode (e.g.. enter the awake state to receive selected beacons, to receive group
addressed transmissions following certain received beacon frames, to receive
transmission during the service period of a scheduled groupcast with retries service
period (GCR-SP), to transmit, or to wait for responses to transmitted PS-poll frames
or to receive contention free (CF) transmission of data.) In another configuration,
the STA 906 may not satisfy the requirements of the PS mode and simply remain in
a sleep state.

Referring to FIG. 9, when the STA 906 determines 912 to switch to a TWT
power save mode, the STA 906 may transmit a message 914 (e.g.. a frame) to the
AP 902 indicating that the STA 906 intends to switch from an active mode to a
TWT power save mode or from a PS mode to a TWT power save mode. The
message 914 may include an indicator or field (e.g., an end of service period (EOSP)

field) that indicates the power management mode that the STA 906 will adopt upon
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successful completion of the message/frame exchange. For example, if the field is
set to 1 (e.g., EOSP is 1), then the message 914 may indicate that the STA 906 is
switching from a TWT power save mode to PS mode. If the field is set to 0. then
the message 914 indicates that the STA 906 is not switching from the TWT power
save mode to the PS mode. In certain embodiments, any field in a frame exchanged
with the AP 902 can signal this new state. In other embodiments, certain frame
types may be used to signal the transition to or from the TWT power save mode. In
an aspect, the STA 906 may only switch between the active mode and the TWT
power save mode, or only between the PS mode and the TWT power save mode. In
this aspect, the transition between states may be signaled by a 1-bit power
management subfield in the message 914. When the power management subfield
has 1 bit. the STA 906 may be able to switch between two modes—active mode and
TWT power save mode or TWT power save mode and PS mode. In another aspect,
the power management subfield may have 2 bits, which would enable the STA 906
to switch between all three modes. For example "00" could represent the PS mode,
"01" could represent the TWT PS mode, and "10" could represent the active mode.

Upon receiving the message 914, the AP 902 may store the power management
mode to which the STA 906 intends switch. For example, if the message 914
indicates that the STA 906 intends to switch to the TWT power save mode, then the
AP 902 may store information indicating that the STA 906 is in a TWT power save
mode. In this mode, the AP 902 may know not to transmit any data to the STA 906
outside of the TWT service periods in which the STA 906 is awake. Subsequently,
the AP 902 may transmit an acknowledgment message 916 to the STA 906
indicating that the AP 902 received the message 914.

In an aspect, the AP 902 may transmit a second message 918 to the STA 906.
The second message 918 may instruct the STA 906 to switch from a TWT power
save mode to a PS mode using an EOSP ficld. For example, the AP 902 may set the
EOSP field to 1 to instruct the STA 906 to switch from the TWT power save mode
to the PS mode. The AP 902 may also transmit the second message 918 to other
STAs 908. 910.

Once the STA 906 goes into PS mode, however, the AP 902 may not be able to
indicate to the STA 906 to switch back to the TWT power save mode by sending a
frame that is intended to indicate to the STA 906 to switch modes because the STA

906 may be in a sleep state for an extended period of time. However, the STA 906
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may request to switch back to the TWT power save mode by sending a request to
switch (e.g.. a request similar to the message 914). For example, the STA 906 may
transmit another message to the AP 902. The other message may include an EOSP
field set to O to indicate that the STA 906 requests to switch back to the TWT power
save mode. Otherwise, the STA 906 may set the EOSP to 1to indicate that the STA
906 does not want to switch back to the TWT power save mode. In certain
embodiments, the power management subfield may be used for similar signaling. In
certain embodiments, the power management switch may be performed by sending a
TWT request or an unsolicited TWT response. In certain embodiments, the AP 902
may selectively indicate to certain STAs to switch from PS mode to TWT power
save mode by activating a bit in a traffic indication map element that may be
included in a message frame (e.g.. the second message 918). For example, the
second message 918 may be a beacon message, and the second message 918 may
include a TIM element that includes a bitmap. The STAs 906, 908, 910 may receive
the second message 918 and determine whether to switch to a TWT power save
mode based on the each AID position in the bitmap. For example, if a position in
the bitmap corresponding to the AID of the STA 906 has a value of 0, then the STA
906 may switch to the TWT power save mode. In certain embodiments, the validity
of the new mode is limited to the beacon interval that follows the beacon frame
(e.g., the second message 918).

FIG. 10 is a flowchart of an example method 1000 of switching to or from a
TWT power save mode. The method 1000 may be performed using an apparatus
(e.g., the STA 906, the AP, 902. or the wireless device 1302, infra, for example).
Although the method 1000 is described below with respect to the elements of
wireless device 1302 of FIG. 13, infra, other components may be used to implement
one or more of the steps described herein.

At block 1005, the apparatus may receive an indication from the second wireless
device instructing the apparatus to switch to or to switch away from the TWT power
save mode. For example, referring to FIG. 9, the apparatus may be the STA 906,
and the STA 906 may receive a message from the AP 902 instructing the STA 906
to switch to the TWT power save mode. In an aspect, the message may include an
EOSP set to 1. indicating that the TWT service period is ending and no more data

will be transmitted.
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At block 1010, the apparatus may determine whether to switch to an active
mode, a power save mode, or a TWT power save mode. In the TWT power save
mode, the apparatus may enter an awake state during TWT service periods and enter
a doze state outside of the TWT service periods. In one configuration, the apparatus
may determine whether to switch by determining if there is additional data for
transmission or reception by the apparatus. In another configuration, the apparatus
may determine whether to switch modes by receiving a QoS message from the
second wireless device and by determining whether the QoS message includes an
EOSP indicator set to 0 or 1. In another configuration, the apparatus may determine
whether to switch modes by receiving a trigger message from the second wireless
device and by determining whether the ftrigger message includes a cascaded
indicator set to 0 or 1 and by determining whether the trigger message is intended
for the apparatus. For example, referring to FIG. 9, the STA 906 may determine to
switch to the TWT power save mode based on the determination that a QoS message
is received from the AP 902 indicating an EOSP set to 1.

At block 1015, the apparatus may transmit a message to a second wireless
device based on the determination. For example, referring to FIG. 9, the STA 906
may transmit the message 914 to the AP 902 based on the determination to switch to
the TWT power save mode. The message 914 may include a power management
field set to 1, indicating that the STA 906 wants to switch to the TWT power save
mode.

At block 1020, the apparatus may determine a mode of the second wireless
device. In one configuration, the apparatus may determine the mode by receiving a
second message from the second wireless device that includes a responder mode
indicator. The apparatus may determine whether the responder mode indicator
indicates whether the second wireless device is in the doze state outside of the TWT
service periods. If so, then the second wireless device may be in the TWT power
save mode: otherwise, the second wireless device may be in the active mode. In
another configuration, the apparatus may determine the mode by receiving a trigger
message from the second wireless device and by determining whether the trigger
message includes resource allocations to any wireless devices. For example,
referring to FIG. 9, the STA 906 may receive a message from the AP 902 that

includes aresponder PM mode indicator (e.g., in a control field). The responder PM
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mode indicator may be set to 1, indicating that the AP 902 is in the TWT power save
mode.

At block 1025, the apparatus may receive from the second wireless device a
second message that includes a traffic indication map. The traffic indication map
may indicate a mode of operation for the first wireless device to select. For
example, the STA 906 may receive from the AP 902 message that includes a TIM.
The TIM may include a bit associated with the AID of the STA 906. If the bit is set
to 1, then the STA 906 may expect to receive data and may enter into a TWT power
save mode or an active mode, but if the bit is set to 0, then the STA 906 may not
expect to receive data and may enter into a power save mode.

FIG. 11 is a flowchart of an example method 1100 of signaling for switching to
a TWT power save mode. The method 1100 may be performed using an apparatus
(e.g.. the AP 902, STA 906, or the wireless device 1302, infra, for example).
Although the method 1100 is described below with respect to the elements of
wireless device 1302 of FIG. 13, infra, other components may be used to implement
one or more of the steps described herein.

At block 1105, the apparatus may receive a message from a second wireless
device that indicates an intention of the second wireless device to switch to an
operating mode that is one of an active mode, a power save mode, or a TWT power
save mode. During the TWT power save mode, the second wireless device may
enter an awake state during TWT service periods and enter a doze state outside of
the TWT service periods. For example, referring to FIG. 9, the apparatus may be
the AP 902. The AP 902 may receive the message 914 from the STA 906 indicating
an intention of the STA 906 to switch to a TWT power save mode during which the
STA 906 may enter an awake state during TWT service periods and may enter a
doze state outside of the TWT service periods.

At block 1110, the apparatus may store the operating mode associated with the
second wireless device. For example, referring to FIG. 9. the AP 902 may store
information indicating that the STA 906 is in the TWT power save mode.

At block 1115, the apparatus may transmit to the second wireless device an
acknowledgment of the operating mode switch. For example, referring to FIG. 9.
the AP 902 may transmit the acknowledgment message 916 indicating that the AP
902 acknowledges the switch to the TWT power save mode by the STA 906.
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At 1120, the apparatus may transmit a QoS message that includes an EOSP
indicator set to 1 to instruct the second wireless device to switch operating modes.
For example, referring to FIG. 9, the AP 902 may transmit a QoS frame to the STA
906 with an EOSP indicator set to 1, which instructs the STA 906 to switch
operating modes.

At 1125, the apparatus may transmit a responder mode indicator that indicates
whether the first wireless device is in a doze state outside of the TWT service
periods. For example, referring to FIG. 9, the AP 902 may transmit a message that
includes the responder PM mode indicator in a control field, and the responder PM
mode indicator may be set to 1. indicating that the AP 902 is in TWT power save
mode.

At 1130, the apparatus may transmit a trigger message with unassigned
resources to indicate that the apparatus will enter into a doze state. For example,
referring to FIG. 9, the AP 902 may transmit a trigger frame with unassigned
resources to the STAs, which indicates that the AP 902 will enter into a doze state.

At 1135, the apparatus may transmit a traffic indication map that indicates the
operating mode for the second wireless device to select. For example, referring to
FIG. 9, the AP 902 may transmit the TIM with a bit set to 1 corresponding to the
AID of the STA 906, which indicates that the STA 906 should be in the active
mode.

At 1140, the apparatus may transmit an indication to the second wireless device
instructing the second wireless device to switch to or to switch away from the TWT
power save mode. For example, referring to FIG. 9, the AP 902 may transmit the
second message 918 instructing the STA 906 to switch to a TWT power save mode
from the active mode.

Additionally, during a TWT service period the AP may transmit one or more
trigger frames and/or may not want to always use the full duration of the TWT
service period. For example the AP may want to send a trigger frame to poll one or
more STAs for feedback (e.g.., PS-polls or resource requests), a trigger frame for UL
data delivery from the one or more STAs, a trigger frame to exchange DL data with
one or more STAs, etc. To allow the STAs determine the number of frames to
expect or an ecarly termination of the TWT service period the AP may indicate the
number of trigger frames the AP intends to transmit in the TWT element itself. In

another embodiment, the AP may indicate that the AP has more trigger frames to
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transmit in any frame the AP transmits during the TWT service period. For
example, the AP may indicate that the AP intends to transmit at least another trigger
frame following the current frame by setting a bit in the frame that is currently
transmitting to 1. In one embodiment, the frame may be a trigger frame and the bit
may be the More Data field in the Frame Control field, a newly defined field, or the
AP may rely on the EOSP field signaling. In another embodiment, the frame can be
any other frame sent by the AP. For example, the bit may be the power
management field in the frame conrtrol field of a frame transmitted by the AP during
the TWT service period. In another embodiment, any other field or value can be
used for this purpose. For example an EOSP field can be set to 1 to indicate that the
AP does not intend to transmit another (trigger) frame during this TWT service
period. In another example, the More Data field, or the other fields described above,
may be set to 0 to indicate that the AP intends to transmit another (trigger) frame
during this TWT service period. Hence, STAs receiving this indication (that there
are no more trigger frames during this TWT service period) may go to sleep earlier
than the end of the scheduled TWT service period. The STAs that are addressed by
the trigger frame may not go to sleep as they are scheduled to transmit UL frames as
a response to the trigger frame. The rest of the STAs that went to sleep for the rest
of the scheduled TWT service period may wake up in other TWTs (next TWTs) as
negotiated or indicated by the AP in previous exchanges or schedules.

FIG. 12 is an exemplary diagram of a request type field 1200 within a TWT
element for broadcast TWT. Referring to FIG. 12, the request type field may
contain a TWT flow identifier subfield, which may have various values as indicated
in FIG. 12. The TWT flow identifier subfield may contain a 3-bit value that
identifies specific information associated with a TWT request uniquely from other
requests made between a same TWT requesting STA and a TWT responding STA
pair. In broadcast TWT mode, there may not be a concept of a STA pair. As such,
the TWT flow identifier subficld may be used to specify different flows (or the
traffic class) that may be allowed for the broadcast TWT in a TWT service period.

Referring to FIG. 12, in one aspect, when the TWT flow ID is set to 0, then there
may not be any constraints on the type of frame that can be exchanged during the
scheduled TWT service period(s) specified by the TWT parameter set of the
broadcast TWT containing the TWT Flow ID. In another aspect. when the TWT

flow 1D is set to 1. then only frames that contain feedback and/or management
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information may be exchanged (e.g., PS-Poll, CQI. buffer status. sounding
information, action, etc.). In this aspect, the trigger frame may contain no RUs (e.g..
resource units) for random access. In another aspect, when the TWT flow ID is set
to 2. then only frames that contain feedback and/or management information may be
exchanged (e.g., PS-Poll, CQI, buffer status, sounding information, action, pre-
association frames. etc.). In this aspect. the trigger frame may contain at least one
RU (or resource unit) for random access. In an aspect, QoS frames may also be
exchanged when the TWT flow ID is set to 1 or 2. In yet another aspect, when the
TWT flow ID is set to 3, quality of service constrained frames (e.g., short frames
with payloads less than 256 or 128 bytes of a particular AC/type, etc.) may be
exchanged.

In another aspect, the TWT flow identifier subfield may indicate that no
transmissions are expected from any device (e.g., APs or STAs that may or may not
be associated with the device transmitting the frame containing the TWT eclement).
For example, when the TWT flow ID is set to 4 (or some other value). then no
transmission are expected (i.e., a black out service period). In addition to helping
STAs conserve power, this feature may also be used to cause STAs to enter or
remain in a sleep mode in order to reserve a time duration for another device to
communicate. This is beneficial also when the device transmitting this TWT
clement is aware of other devices (not associated to it) that intend to transmit to one
or more other devices during a scheduled period of time (knowledge provided in
some embodiments by the other devices via similar TWT elements or other means
of schedule information exchange mechanisms).

Although the TWT flow ID values are provided in the TWT flow identifier
subfield, similar values for purposes of identifying a flow type for a broadcast TWT
may be provided in other fields within a TWT element or other parts of frames
transmitted by the device providing the scheduling for one or more other devices.

FIG. 13 illustrates a method 1300 of broadcasting TWTs for multiple TWTs.
Referring to FIG. 13, an AP may indicate a broadcast target trigger (wake) time(s) in
an information element (e.g., a TWT element) included in a beacon 1305 or in any
other management frame. In one aspect, the TWT pattern provided by the element
may be periodic. As an example, in this aspect. a TWT element may contain a TWT
field and a TWT wake interval which enables the periodic pattern. In another

aspect, the partem may be aperiodic. In this aspect, a TWT element may signal
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multiple aperiodic TWTs per beacon interval. This may allow for greater flexibility
of target wake times within a beacon interval, DTIM interval. or through the lifetime
of the operation.

To enable multiple aperiodic TWTs per beacon interval, etc, more than one
TWT parameter set may be included in a beacon frame or another frame. In one
aspect, more than one TWT information element may be included in a beacon. In
another aspect, a TWT element may be modified such that the TWT element may
carry multiple TWT parameter sets. For example, the TWT element may carry
multiple occurrences of the fields following the control field of the element. The
TWT parameter set may consist of one or more of the following fields: Request
Type. TWT, TWT Grouping. Nominal Minimum Wake Duration, TWT Wake
Interval Mantissa, TWT Channel. NDP Paging. etc. The length of the TWT
elements may provide signaling to determine its content. As an example. if each
TWT parameter set (which length is based on the signaling contained therein) is 7
bytes, then the length field of the TWT element may be equal to 15 bytes (7%2 plus
one byte of Control field) if the TWT element contains 2 TWT parameter sets, and
SO on.

FIG. 14 illustrates a method 1400 of employing a cascaded field (earlier
mentioned as more data, power management, etc.) in a trigger frame within a TWT
service period. Referring to FIG. 14, an AP may notify the STAs expected to wake
up at the TWT service period via an TWT information element included within a
beacon 1405 or frame in general. In an aspect. the AP may overestimate a number
of STAs to be allocated in a TWT service period. This is because in broadcast
TWT. only a portion of STAs may likely be served (or expected to be awake, or able
to successfully receive the frame carrying the TWT) during the TWT service period
(this is also possible for solicited TWTs (or negotiated TWTs mentioned earlier)).
As such, an AP may send a trigger frame 1410 at the start of a TWT service period.
The trigger frame 1410 may contain a list of association identifiers (AIDs) (or other
AP assigned identifiers) for STAs to enable uplink transmission. That is, each AID
may identify a STA. The trigger frame 1410 may contain a cascaded subfield that
indicates whether an additional trigger frame follows the trigger frame 1410 in the
TWT service period. For example. if the cascaded subfield is set to 1. then another

trigger frame (e.g., a second trigger frame 1415) follows the trigger frame 1410.
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However, if the cascaded subfield is set to 0, then no trigger frame will follow the
trigger frame 1410 within the same TWT service period.

A non-AP STA that receives the trigger frame 1410 has several options. The
STA may transmit an uplink frame as a response to the trigger frame 1410 that is
intended for the STA (e.g., STAs 1, 2, 3, 4). If the cascaded field is set to 1 and the
trigger frame 1410 is not intended for the STA, then the STA (e.g., STAs 5, 6, 7)
may remain awake to receive the second trigger frame 1415, for example (though
STAs may go to sleep for the duration of the UL PPDUs transmitted as a response to
the current trigger frame). In another aspect. the STA may enter a sleep mode (or
doze state) if the trigger frame 1410 was not intended for the STA and the cascaded
field of the trigger frame 1410 was set to 0. After receiving the uplink transmissions
from the various STAs, the AP may transmit an acknowledgment (e.g.. a multi-
block acknowledgment (MBA)). In another aspect, a STA may start contending
independently to access the medium after the frame exchange enabled by a trigger
frame with a cascaded field equal to 0. In certain embodiments, the STA should not
start contending to access the medium after receiving a trigger frame that contains a
cascaded field equal to 1.

FIG. 15 is an exemplary diagram of a TWT group assignment field 1500 within
a TWT eclement for a broadcast TWT for multiple STAs. Referring to FIG. 15, the
TWT group 1D subfield may have 7 bits (e.g.. corresponding to B0 to B6), the zero
offset present subfield may have 1 bit (e.g., corresponding to B7), the zero offset of
group subfield may have 48 or O bits (e.g.. corresponding to B8 to B55), the TWT
unit subfield may have 4 bits (e.g., corresponding to B56 to B59), and the TWT
offset subfield may have 12 bits (e.g.. corresponding to B60 to B71). Within the
TWT offset subfield, there may be a start AID subfield, an end AID subfield, and a
reserved subfield. The start AID subfield may have 5 bits, the end AID subfield
may have 5 bits, and the reserve subfield may have 2 bits. Although FIG. 15 depicts
start AID and end AID subfields, other IDs assigned by an AP aside from AIDs may
also be used.

The TWT group assignment field may be negotiated and used by an AP to
allocate TWTs for STAs within a group. For each STA in the group identified by
the TWT group ID. the TWT group assignment subficld may provide information
for staggered (offset) TWTs within the group itsell. In an aspect, the TWT group

assignment subfield may be used when the AP wants to stagger UL single user
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transmissions from multiple STAs of a group. In another aspect. the TWT group
assignment subfield may be used to specify the group of STAs to wake up at a
TWT. For example. the TWT group assignment field may identify the range of
STAs that are scheduled to wake up at the specified TWT.

In an aspect, when the trigger field within the request type field is set to 1. the
TWT group ID may specify the 7 most significant bits of the AID (or another AP
assigned ID) of each of the STAs that belong to the group that is to wake up at a
certain TWT. The TWT unit may be reserved. for example, to indicate an offset of
uplink transmissions from the first TWT is not needed since uplink transmissions
may be trigger after an XIFS, in which the XIFS may be a short interframe space
(SIFS) or a point coordination function (PCF) interframe space (PIFS)). The TWT
offset field may contain the 5 least significant bits of the start AID and the 5 least
significant bits of the end AID of the group.

In another aspect. when the zero offset present is set to 1. the zero offset of
group field may specify the TWT if the TWT wake time field is not present. In
another aspect, for the basic broadcast TWT case, the TIM element may also
provide a list of STAs to be polled by triggers. In an aspect, a broadcast TWT that
supports multiple STAs may improve signaling for purposes of identifying a group
of STAs for multi-user operation in a TWT element.

FIG. 16 illustrates an exemplary diagram of a second TWT element format
1600. Referring to FIG. 16, a TWT element 1605 may include an element ID field
(e.g.. 1 octet in length), a length field (e.g.. 1 octet in length). a control field (e.g.. 1
octet in length), a request type field (e.g., 2 octets in length), a target wake time field
(e.g.. 2. 4, 6, or 8 octets in length), a TWT group assignment field (optional), a
nominal minimum wake duration field (e.g., 1 octet in length), a TWT wake interval
mantissa field (e.g.. 2 octet in length). a TWT channel (optional), and/or an NDP
paging field (optional as well). The one or more of the request type field, target
wake time field. TWT group assignment field. nominal minimum wake duration
field, TWT wake interval mantissa field, and/or TWT channel field may make up a
TWT set or equivalently TWT parameter set. The TWT element 1605 may have
one or more TWT parameter sets, which may be used to indicate different TWT
service period(s).

The control field may have multiple subfields. such as a NDP paging indicator
subfield (e.g.. 1 bit), a broadcast subfield (e.g., 1 bit). a responder PM (passive
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mode) mode subfield (e.g.. 1 bit), and/or a reserved subfield (e.g., 5 bits). The
broadcast bit may be used to indicate whether the TWT element 1605 is a broadcast
TWT. in which target wake times may not be negotiated between an AP and a STA.,
or whether the TWT eclement 1605 is a solicited TWT. in which target wake times
may be negotiated between an AP and a STA or between a STA and another STA.
For example, when the broadcast bit is set to 1. then the TWT element 1605 may be
a broadcast TWT, and when the broadcast bit is set to 0, then the TWT element
1605 may be a solicited TWT. The broadcast bit may also be referred to as a non-
negotiable indication. In one configuration, the responder PM mode subfield may
indicate that a TWT responder may be in a doze state outside of the TWT SPs (e.g..
for a broadcast TWT, the TWT responder may be the AP). In one option, the AP
may sct the responder PM mode subfield to 1 to indicate that the AP may be in a
doze state outside of the TWT SPs. Alternatively, the AP may set the responder PM
mode subfield to O if the AP is not allowed to enter into a power save mode. In
another configuration, the AP may indicate that the AP is in power save mode by
transmitting one or more trigger frames, which may include resource allocations
(e.g., resource units) not allocated to any STAs during a TWT service period during
which the AP intends to enter power save mode.

The length field may indicate the length of the TWT element 1605 and may be
used to determine the number of TWT parameter sets within the TWT element
1605. For example, if the length field indicates that the TWT element 1605 is 8
bytes. then the TWT element 1605 may have one TWT parameter set (e.g., 7 bytes
of fields for the one set and one byte of Control field). If the length field indicates
15 bytes, then the TWT element 1605 may have two TWT parameter sets. As such,
the length field may indicate the number of TWT sets.

The request type field may have one or more of the following subfields. such as
a repetition subfield. a trigger subfield, a reserved subfield. a flow type subfield, a
TWT flow identifier subficld. a wake interval exponent subfield. and/or a TWT
protection subfield. In an aspect, the request type field may be 1 byte in length and
include a repetition subfield (e.g.. 2 bits). a trigger subfield (e.g.. 1bit). a TWT flow
identifier subfield (e.g., 3 bits), and a wake interval exponent (e.g., 2 bits). In
another aspect. the request type field may not include the wake interval exponent
subfield, whose value may be preconfigured within a device (e.g.. a device may
have a preconfigured value ol 10 with respect to the wake interval exponent field).
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If the TWT is periodic (e.g., the TWT set may contain a non-zero value of the TWT
wake interval mantissa field), then the repetition subfield may indicate the number
of valid TWT service periods associated with the TWT minus 1 specified by the
TWT parameter set. The "minus 1" accounts for the TWT indicated in the target
wake time field. For example, if the TWT is valid for 6 TWT service periods, then
the repetition field may be set to 5. In an aspect, if the TWT wake interval mantissa
subfield is set to 0, then the TWT is not periodic. By contrast, if the TWT interval
mantissa subfield has a non-zero value, then the TWT may be periodic and may
repeat for as many times as specified by the value indicated in the repetition
subfield. The TWT Wake Interval may be determined based on a product of the
TWT wake interval mantissa and 2 elevated to the power of the value indicated in
the wake interval exponent (period = TWT Wake Interval Mantissa x
2wake interval Exponent™ |, another aspect. a repetition subfield set to 0 may
indicate an aperiodic TWT.

The trigger subfield indicates whether a trigger (e.g., a trigger frame) will be
sent at the start of a target wake time(s) specified by the TWT set. In such
embodiment this ficld may be set to 1. Otherwise it may be set to 0 to indicate that
there will be no trigger frame sent at the start of the target wake time(s). The TWT
flow identifier subfield indicates the type of data flow expected during the TWT
service period(s) specified by the TWT set. The TWT flow identifier subfield may
be associated with values indicated in FIG. 12. The target wake time subfield may
include the 2 least significant bytes of the value that the TSF timer (as contained in
the timestamp field of a beacon frame transmitted in that instant of time) will have at
the first (if periodic) or only TWT (if aperiodic). In another aspect, the target wake
time subfield may include a shifted subset of the 2 least significant bytes of the TSF
timer. For example, assuming the TSF timer has 8 bytes, instead of including the
least significant 2 bytes, the subset may be shifted in which the TWT field includes
the second and third least significant bytes of the 8 byte representation of the TSF
timer, in which case the time resolution may not be of say 1 microsecond, but rather
256 microseconds. By doing so the 2 byte TWT field may indicate larger time
values (while losing some resolution). In certain embodiments, the bit shifting may
occur at the bit level rather than the byte level.

The TWT protection subfield may indicate that the TWT service period(s)
specified by a corresponding TWT parameter set may be protected or not (or asked

57

590



WO 2016/123403 PCT/US2016/015465

[001385]

[00186]

to be protected or not in a TWT request). In one aspect. when the TWT protection
subfield is set to 0, then the TWT service period(s) may not be protected. In another
aspect. when the TWT protection subfield is set to 1. the subfield may indicate that
STAs associated with the AP sending the TWT element 1605 and that have read the
frame carrying the TWT element 1605 should not contend to access the medium for
the specified duration of the TWT service period(s) indicated in the corresponding
TWT set. In another embodiment, only STAs that have traffic that is allowed by the
AP to be delivered during the TWT service period(s) may contend to access the
medium. For example, when the AP sends a TWT element that indicates that there is
no trigger frame at the start of the TWT, and the TWT is an announced TWT (e.g.,
STAs should send a frame to the AP). then only the STAs that may have certain
type of traffic (e.g.. PS-Polls or U-APSD trigger frames) may access the medium to
transmit their frames. In another aspect. when the TWT protection subfield is set to
1. the subfield may indicate that STAs that are not associated with the AP and that
have read the frame carrying the TWT element 1605 should not contend to access
the medium for the specified durations of the TWT service period(s). The AP that
set the TWT protection subfield to 1 may also indicate that the AP intends to
transmit NAV setting frames at the start of the TWT service period(s) to protect at
least a part of the duration of the TWT service period(s). If the TWT eclement 1605
contains a list of STAs for which the TWT element 1605 is intended, the intended
STA recipients of the TWT element 1605 may discard the NAV setting frame sent
by the AP at the start of the TWT service period(s) and access the medium. or
transmit to any frame that is sent by the AP immediately (e.g.. in SIFS time). In
another aspect, the AP that set the TWT protection subfield to 1 may indicate that
scheduled data exchanges during the TWT SP may be preceded by a multi-user
(MU) request to send (RTS) and clear to send (CTS) message exchange.

In an aspect., another AP that has set up another BSS and is within range of the
AP that sent the TWT element 1605 (e.g.. is able to read the frame carrying the
TWT element 1605) may not allocate resources to any of the STAs associated with
the another AP during the TWT service period(s) so as to minimize the risk of inter-
BSS collisions.

In the foregoing description, unless expressly indicated. methods, functions.
protocols, and techniques described with respect to a STA may also be applicable to

an AP. and vice versa.
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FIG. 17 shows an example functional block diagram of a wireless device 1702
that may perform TWT scheduling within the wireless communication system 100
of FIG. 1. The wireless device 1702 is an example of a device that may be
configured to implement the various methods described herein. For example, the
wireless device 1702 may comprise one of the APs 104, 302, 602, 902 or one of the
STAs 112, 114, 116, 118, 306, 308, 310, 606, 608, 610, 906, 908, 910.

The wireless device 1702 may include a processor 1704 which controls
operation of the wireless device 1702. The processor 1704 may also be referred to
as a central processing unit (CPU). Memory 1706, which may include both read-
only memory (ROM) and random access memory (RAM), may provide instructions
and data to the processor 1704. A portion of the memory 1706 may also include
non-volatile random access memory (NVRAM). The processor 1704 typically
performs logical and arithmetic operations based on program instructions stored
within the memory 1706. The instructions in the memory 1706 may be executable
(by the processor 1704, for example) to implement the methods described herein.

The processor 1704 may comprise or be a component of a processing system
implemented with one or more processors. The one or more processors may be
implemented  with any combination of general-purpose  microprocessors,
microcontrollers, digital signal processors (DSPs), field programmable gate array
(FPGAs), programmable logic devices (PLDs). controllers, state machines, gated
logic, discrete hardware components, dedicated hardware finite state machines, or
any other suitable entities that can perform calculations or other manipulations of
information.

The processing system may also include machine-readable media for storing
software. Software shall be construed broadly to mean any type of instructions,
whether referred to as software, firmware. middleware, microcode, hardware
description language, or otherwise. Instructions may include code (e.g., in source
code format, binary code format, executable code format, or any other suitable
format of code). The instructions, when executed by the one or more processors,
cause the processing system to perform the various functions described herein.

The wireless device 1702 may also include a housing 1708, and the wireless
device 1702 may include a transmitter 1710 and/or a receiver 1712 to allow
transmission and reception of data between the wireless device 1702 and a remote

device. The transmitier 1710 and the receiver 1712 may be combined into a
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transceiver 1714. An antenna 1716 may be attached to the housing 1708 and
electrically coupled to the transceiver 1714. The wireless device 1702 may also
include multiple transmitters, multiple receivers, multiple transceivers, and/or
multiple antennas.

The wireless device 1702 may also include a signal detector 1718 that may be
used to detect and quantify the level of signals received by the transceiver 1714 or
the receiver 1712. The signal detector 1718 may detect such signals as total energy,
energy per subcarrier per symbol, power spectral density. and other signals. The
wireless device 1702 may also include a digital signal processor (DSP) 1720 for use
in processing signals. The DSP 1720 may be configured to generate a packet for
transmission. In some aspects, the packet may comprise a PPDU.

The wireless device 1702 may further comprise a user interface 1722 in some
aspects. The user interface 1722 may comprise a keypad, a microphone. a speaker,
and/or a display. The user interface 1722 may include any element or component
that conveys information to a user of the wireless device 1702 and/or receives input
from the user.

When the wireless device 1702 is implemented as a STA (e.g., the STAs 306,
606, 906) or as an AP (e.g.. the APs 302, 602, 902), the wireless device 1702 may
also comprise aTWT component 1724.

In one configuration. the wireless device 1702 may be a TWT requester for
solicit TWTs. In this configuration, the TWT component 1724 may be configured
to transmit a first message that includes a first trigger field to a second wireless
device (e.g., a TWT responder). The first trigger field may indicate whether the first
message includes a request for a trigger message to be sent by the second wireless
device at a start of a TWT service period. The TWT component 1724 may be
configured to receive a second message from the second wireless device. The
second message may include a second trigger ficld based on the first message. The
second trigger field may indicate whether the second wireless device will transmit
the trigger message at the start of the TWT service period. In an aspect, the first
message may include a requested TWT, the first trigger field may be set to 1. and
the first message may request the trigger message to be sent at the requested TWT.
In another aspect. the second message may include a scheduled TWT, the second
trigger field may be set to 1. and the second message may indicate that the second

wireless device may transmit the trigger message at the scheduled TWT. In another
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aspect, the scheduled TWT may be different from a requested TW'T included in the
first message. In one embodiment, the TWT component 1724 may be configured to
determine a TWT schedule based on the received second message and to determine
whether to transmit to the second wireless device based on the determined TWT
schedule. In this embodiment, the TWT component 1724 may be configured to
determine the TWT schedule by determining whether the TWT schedule is an
implicit TWT schedule or an explicit TWT schedule based on the received second
message and by determining one or more TWTs associated with the TWT schedule
based on the received second message. In another embodiment, the TWT
component 1724 may be configured to determine whether to ftransmit by
determining to transmit during the TWT service period when a trigger message is
received from the second wireless device or by determining to transmit outside of
the TWT service period based on EDCA parameters associated with AC BE or
AC BK. In another aspect, the TWT component 1724 may determine to transmit
during the TWT service period based on the received trigger message, and the
transmission may not based on EDCA contention. In another embodiment, the
TWT component 1724 may be configured to receive a trigger message based on the
determined TWT schedule. The trigger message may include a cascaded indicator
that indicates whether the second wireless device will transmit another trigger
message after the trigger message in the TWT service period. In another
embodiment, the TWT component 1724 may be configured to receive a TWT
information message from the second wireless device, and the TWT information
message may include a next TWT value. The TWT component 1724 may be
configured to update the TWT schedule based on the received TWT information
message. In another embodiment, the TWT schedule may be the implicit TWT
schedule, and the TWT component 1724 may be configured to transmit a TWT
information message to the second wireless device. The TWT information message
may indicate a suspension of the implicit TWT schedule or a resumption of the
implicit TWT schedule after the implicit TWT schedule has been suspended. In
another aspect. the first message may include a TWT channel indicator that indicates
a channel and a channel width that the TWT component 1724 may use for
communicating with the second wireless device during the TWT service period. In

another aspect, the first message may include an OFDMA bitmap that indicates one

61

594



WO 2016/123403 PCT/US2016/015465

[00196]

or more OFDMA channels and channel widths to be used for communicating with
the second wireless device.

In another configuration, the wireless device 1702 may be a TWT responder for
solicit TWTs. In this configuration, the TWT component 1724 may be configured
to receive, from a second wireless device, a first message that includes a first trigger
field. The first trigger field may indicate whether the first message includes a
request for a trigger message to be sent by the wireless device 1702 at a start of a
TWT service period. The TWT component 1724 may be configured to determine a
TWT schedule based on the received first message. The TWT component 1724 may
be configured to transmit a second message to the second wireless device. The
second message may include the TWT schedule and a second trigger field based on
the determined TWT schedule. The second trigger field may indicate whether the
wireless device 1702 may transmit the trigger message at the start of the TWT
service period. In an aspect, the first message may include a requested TWT, the
first trigger field may be set to 1. and the first message may request the trigger
message to be sent at the requested TWT. In another aspect, the second message
may include a scheduled TWT, the second trigger field may be set to 1, and the
second message may indicate that the wireless device 1702 will transmit the trigger
message at the scheduled TWT. In another aspect, the scheduled TWT may be
different from a requested TWT included in the first message. In an embodiment,
the TWT component 1724 may be configured to determine the TWT schedule by
determining if the first trigger field includes the request for the trigger message and
by scheduling one or more TWTs for the second wireless device if the first trigger
field includes the request for the trigger message. In another embodiment, the TWT
component 1724 may be configured to transmit a TWT information message that
includes a next TWT value that is different from all TWT values associated with the
TWT schedule included in the second message. In another embodiment, the TWT
schedule may be an implicit TWT schedule, and the TWT component 1724 may be
configured to receive a TWT information message from the second wireless device.
The TWT information message may indicate a suspension of the implicit TWT
schedule or a resumption of the implicit TWT schedule after the implicit TWT
schedule has been suspended. In another aspect, the second message may include a
TWT channel indicator that indicates a channel and a channel width to be used for

communicating between the wireless device 1702 and the second wireless device
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during the TWT service period. In another embodiment, the TWT component 1724
may be configured to transmit a trigger message that includes a cascaded indicator.
The cascaded indicator may indicate whether the wireless device 1702 will transmit
another trigger message after the trigger message in the TWT service period. In
another aspect, the second message may include a TWT protection indicator that
indicates whether message exchanged with the wireless device 1702 based on the
TWT schedule are to be preceded by an RTS and a CTS message exchange.

In another configuration, the wireless device 1702 may broadcast TWTs to other
wireless devices. In this configuration, the TWT component 1724 may be
configured to determine a TWT schedule and to broadcasting a message that
includes the TWT schedule to other wireless devices. The message may include a
broadcast indicator that indicates the TWT schedule is a broadcast TWT schedule.
In an aspect, the broadcast TWT schedule may include non-negotiable TWT
parameters for communicating between the wireless device 1702 and at least one
wireless device of the wireless devices. In another aspect, the message may further
include a trigger field that indicates whether the wireless device 1702 will transmit a
trigger message at a start of a TWT service period. In another aspect, the message
may include a TWT flow identifier field that indicates a type of data flow allowed
during a TWT service period. In another aspect. the type of data flow allowed may
include MU OFDMA random access for wireless devices unassociated with the
wireless device 1702, MU OFDMA random access for wireless devices associated
with the wireless device 1702, MU DL OFDMA scheduled access for wireless
devices indicated in a TIM, MU UL OFDMA scheduled access for wireless devices
indicated in the TIM, MU UL MIMO scheduled access for wireless devices
indicated in the TIM, MU DL MIMO scheduled access for wireless devices
indicated in the TIM. In another aspect, the TWT flow identifier field may indicates
one of the following types of allowed data flows: no constraints on a type of
message to be exchanged with the wireless device 1702, messages containing
feedback information or management information can be exchanged with the
wireless device 1702 and trigger messages from the wireless device 1702 do not
include resource units for random access, messages containing feedback information
or management information can be exchanged with the wireless device 1702 and
trigger messages from the wireless device 1702 include resource units for random

access, messages containing quality of service information can be exchanged with
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the wireless device 1702, or no traffic is expected to be communicated to or from
the wireless device 1702. In another aspect, the TWT schedule may be an implicit
TWT schedule or an explicit TWT schedule. In another aspect. the TWT schedule
may be an explicit TWT schedule, the TWT schedule may includes one or more
TWT parameter sets, and each TWT parameter set may correspond to a scheduled
TWT. In another embodiment, the TWT schedule may be an implicit TWT
schedule, and the TWT component 1724 may be configured to transmit a TWT
information message to the second wireless device. The TWT information message
may indicate a suspension of the implicit TWT schedule or a resumption of the
implicit TWT schedule after the implicit TWT schedule has been suspended. In
another embodiment, the TWT component 1724 may be configured to transmit a
TWT information message to the second wireless device, and the TWT information
message may indicate a different scheduled TWT than in the TWT schedule in the
broadcasted message. In another embodiment, the TWT component 1724 may be
configured to transmit a trigger message based on the TWT schedule. The trigger
message may include a cascaded indicator that indicates whether the wireless device
1702 will transmit additional trigger messages in the TWT service period. In
another aspect, the message may include a TWT group assignment field, and the
TWT group assignment field may include a range of identifiers that identifies a
group of wireless devices scheduled to wake up at a TWT during a TWT service
period. In another aspect, the message may include a repetition indicator, and the
repetition indicator may indicate a number of TWT service periods for which a
scheduled TWT indicated in the message are valid. In another aspect, the message
may include a TWT protection indicator that indicates whether messages exchanged
with the wireless device 1702 based on the TWT schedule are to be preceded by an
RTS and a CTS message exchange.

In another configuration, the wireless device 1702 may receive broadcast TWTs
and determine whether to join the broadcast TWT. In this configuration, the TWT
component 1724 may be configured to receive from a second wireless device a
message that includes a TWT schedule. The message may include a broadcast
indicator that indicates the TWT schedule is a broadcast TWT schedule. The TWT
component 1724 may be configured to determine one or more TWTs for the
wireless device 1702 based on the TWT schedule. In an aspect. the broadcast TWT

schedule may include non-negotiable TWT parameters for communicating between
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the wireless device 1702 and the second wireless device. In another aspect, the
message may include a trigger field that indicates whether the second wireless
device will transmit a trigger message at a start of a TWT service period. In another
aspect. the message may include a TWT flow identifier field that indicates a type of
data flow allowed during a TWT service period. In another aspect, the TWT flow
identifier field may indicate one of the following: no constraints on a type of
message to be exchanged with the second wireless device, messages containing
feedback information or management information can be exchanged with the second
wireless device and trigger messages from the second wireless device do not include
resource units for random access, messages containing feedback information or
management information can be exchanged with the second wireless device and
trigger messages from the second wireless device include resource units for random
access, messages containing quality of service information can be exchanged with
the second wireless device, or no traffic is expected to be communicated to or from
the second wireless device. In another aspect, the TWT schedule may be an implicit
TWT schedule or an explicit TWT schedule. In another aspect, the TWT schedule
may be an explicit TWT schedule, the TWT schedule may include one or more
TWT parameter sets, and each TWT parameter set may correspond to a scheduled
TWT. In another aspect, the TWT schedule may be an implicit TWT schedule, and
the TWT component 1724 may be configured to receive a TWT information
message from the second wireless device. The TWT information message may
indicate a suspension of the implicit TWT schedule or a resumption of the implicit
TWT schedule after the implicit TWT schedule has been suspended. In another
embodiment, the TWT component 1724 may be configured to receive a TWT
information message from the second wireless device. The TWT information
message may indicate a different scheduled TWT than in the received message. In
another aspect, the message may include a repetition indicator, and the repetition
indicator may indicate a number of TWT service periods for which a scheduled
TWT indicated in the message are valid. In another embodiment, the TWT
component 1724 may be configured to receive a trigger message based on the
determined one or more TWTs. In another aspect, the trigger message may include
a cascaded indicator that indicates whether the second wireless device will transmit
additional trigger messages after the trigger message in a TWT service period. In

another embodiment, the TWT component 1724 may be configured to determine to
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transmit to the second wireless device during a TWT service period when the trigger
message is received from the second wireless device and to determine to transmit to
the second wireless device outside of the TWT service period based on EDCA
parameters associated with an AC_BE or an AC BK.

In another configuration, the wireless device 1702 may be a TWT requester
determining whether to switch operating modes. In this configuration. the TWT
component 1724 may be configured to determine whether to switch to an active
mode. a power save mode, or a TWT power save mode. During the TWT power
save mode, the wireless device 1702 may enter an awake state during TWT service
periods and may enter a doze state outside of the TWT service periods. The TWT
component 1724 may be configured to transmit a message to a second wireless
device based on the determination. In another aspect. the TWT service periods may
be identified based on a TWT schedule associated with the wireless device 1702. In
another aspect. the message may include a power management indicator that
indicates a mode to which the wireless device 1702 intends switch. In another
embodiment, the TWT component 1724 may be configured to receive an indication
from the second wireless device instructing the wireless device 1702 to switch to or
to switch away from the TWT power save mode. In another aspect, the indication
may include an EOSP indicator set to 1. In another embodiment, the TWT
component 1724 may be configured to determine whether to switch by determining
if there is additional data for transmission or reception. by receiving from the second
wireless device a QoS message with an EOSP indicator set to 1, or by receiving
from the second wireless device a trigger message with a cascaded indicator set to 0
in which the trigger message is not intended for the wireless device 1702. In
another embodiment. the TWT component 1724 may be configured to determine a
mode of the second wireless device. In another embodiment. the TWT component
1724 may be configured to determine the mode of the second wireless device by
receiving a second message from the second wireless device. in which second
message may include a responder mode indicator that indicates whether the second
wireless device is in a doze state outside of the TWT service periods. The
determination of the mode of the second wireless device may be based on the
responder mode indicator. In another embodiment, the TWT component 1724 may
be configured to determine the mode of the second wireless device by receiving a

trigger message [rom the second wireless device. The determination of the mode of
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the second wireless device may be based on whether the trigger message includes
resource allocations to any wireless devices. In another embodiment, the TWT
component 1724 may be configured to receive from the second wireless device a
second message that includes a traffic indication map, and the traffic indication map
may indicate a mode of operation for the wireless device 1702 to select.

In another configuration, the wireless device 1702 may be a TWT responder
with respect to operating modes. In this configuration. the TWT component 1724
may be configured to receive a message from a second wireless device that indicates
an intention of the second wireless device to switch to an operating mode that is one
of an active mode. a power save mode, or a TWT power save mode. During the
TWT power save mode, the second wireless device may enter an awake state during
TWT service periods and may enter a doze state outside of the TWT service periods.
The TWT component 1724 may be configured to store the operating mode
associated with the second wireless device and to transmit to the second wireless
device an acknowledgment of the operating mode switch. In an aspect, the TWT
service periods may be identified based on a TWT schedule associated with the
second wireless device. In another aspect, the message may include a power
management indicator that indicates the operating mode to which the second
wireless device intends to switch. In another embodiment., the TWT component
1724 may be configured to transmit a QoS message that may include an EOSP
indicator set to 1 to instruct the second wireless device to switch operating modes.
In another embodiment. the TWT component 1724 may be configured to transmit a
responder mode indicator that indicates whether the wireless device 1702 is in a
doze state outside of the TWT service periods. In another embodiment, the TWT
component 1724 may be configured to transmit a trigger message with unassigned
resources o indicate that the wireless device 1702 will enter into a doze state. In
another embodiment. the TWT component 1724 may be configured to transmit a
traffic indication map that indicates the operating mode for the second wireless
device to select. In another embodiment, the TWT component 1724 may be
configured to transmit an indication to the second wireless device instructing the
second wireless device to switch to or to switch away from the TWT power save
mode.

The various components of the wireless device 1702 may be coupled together by

a bus system 1726. The bus system 1726 may include a data bus, for example. as
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well as a power bus, a control signal bus. and a status signal bus in addition to the
data bus. Components of the wireless device 1702 may be coupled together or
accept or provide inputs to each other using some other mechanism.

Although a number of separate components are illustrated in FIG. 17, one or
more of the components may be combined or commonly implemented. For
example. the processor 1704 may be used to implement not only the functionality
described above with respect to the processor 1704, but also to implement the
functionality described above with respect to the signal detector 1718, the DSP
1720, the user interface 1722, and/or the TWT component 1724. Further, each of
the components illustrated in FIG. 17 may be implemented using a plurality of
separate elements.

FIG. 18 is a functional block diagram of an example wireless communication
device 1800 that performs TWT scheduling. The wireless communication device
1800 may include a receiver 1805, a processing system 1810, and a transmitter
1815. The processing system 1810 may include a TWT component 1824 and a
mode component 1826.

In one configuration, the wireless communication device 1800 may be a TWT
requester for solicit TWTs. In this configuration, the processing system 1810, the
TWT component 1824, and/or the transmitter 1815 may be configured to transmit a
first message that includes a first trigger field to a second wireless device (e.g., a
TWT responder). The first trigger field may indicate whether the first message
includes a request for a trigger message to be sent by the second wireless device at a
start of a TWT service period. The processing system 1810, the TWT component
1824, and/or the receiver 1805 may be configured to receive a second message from
the second wireless device. The second message may include a second trigger field
based on the first message. The second trigger field may indicate whether the
second wireless device will transmit the trigger message at the start of the TWT
service period. In an aspect. the first message may include a requested TWT. the
first trigger field may be set to 1. and the first message may request the trigger
message to be sent at the requested TWT. In another aspect. the second message
may include a scheduled TWT, the second trigger field may be set to 1. and the
second message may indicate that the second wireless device may transmit the
trigger message at the scheduled TWT. In another aspect. the scheduled TWT may

be different from a requested TWT included in the first message. In one
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embodiment, the processing system 1810 and/or the TWT component 1824 may be
configured to determine a TWT schedule based on the received second message and
to determine whether to transmit to the second wireless device based on the
determined TWT schedule. In this embodiment. the processing system 1810 and/or
the TWT component 1824 may be configured to determine the TWT schedule by
determining whether the TWT schedule is an implicit TWT schedule or an explicit
TWT schedule based on the received second message and by determining one or
more TWTs associated with the TWT schedule based on the received second
message. In another embodiment, the processing system 1810 and/or the TWT
component 1824 may be configured to determine whether to transmit by
determining to transmit during the TWT service period when a trigger message is
received from the second wireless device or by determining to transmit outside of
the TWT service period based on EDCA parameters associated with AC BE or
AC BK. In another aspect. the processing system 1810 and/or the TWT component
1824 may determine to transmit during the TWT service period based on the
received trigger message, and the transmission may not based on EDCA contention.
In another embodiment, the processing system 1810, the TWT component 1824,
and/or the receiver 1805 may be configured to receive a trigger message based on
the determined TWT schedule. The trigger message may include a cascaded
indicator that indicates whether the second wireless device will transmit another
trigger message after the trigger message in the TWT service period. In another
embodiment. the processing system 1810, the TWT component 1824, and/or the
receiver 1805 may be configured to receive a TWT information message from the
second wireless device, and the TWT information message may include a next TWT
value. The processing system 1810 and/or The TWT component 1824 may be
configured to update the TWT schedule based on the received TWT information
message. In another embodiment. the TWT schedule may be the implicit TWT
schedule, and the processing system 1810, the TWT component 1824, and/or the
transmitter 1815 may be configured to transmit a TWT information message to the
second wireless device. The TWT information message may indicate a suspension
of the implicit TWT schedule or a resumption of the implicit TWT schedule after
the implicit TWT schedule has been suspended. In another aspect. the first message
may include a TWT channel indicator that indicates a channel and a channel width

that the TWT component 1824 may use for communicating with the second wireless
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device during the TWT service period. In another aspect. the first message may
include an OFDMA bitmap that indicates one or more OFDMA channels and
channel widths to be used for communicating with the second wireless device.

In another configuration, the wireless communication device 1800 may be a
TWT responder for solicit TWTs. In this configuration, the processing system
1810, the TWT component 1824, and/or the receiver 1805 may be configured to
receive, from a second wireless device, a first message that includes a first trigger
field. The first trigger field may indicate whether the first message includes a
request for a trigger message to be sent by the wireless communication device 1800
at a start of a TWT service period. The processing system 1810 and/or The TWT
component 1824 may be configured to determine a TWT schedule based on the
received first message. The TWT component 1824, the processing system 1810,
and/or the transmitter 1815 may be configured to transmit a second message to the
second wireless device. The second message may include the TWT schedule and a
second trigger flield based on the determined TWT schedule. The second trigger
field may indicate whether the wireless communication device 1800 may transmit
the trigger message at the start of the TWT service period. In an aspect, the first
message may include a requested TWT, the first trigger field may be set to 1, and
the first message may request the trigger message to be sent at the requested TWT.
In another aspect. the second message may include a scheduled TWT, the second
trigger field may be set to 1. and the second message may indicate that the wireless
communication device 1800 will transmit the trigger message at the scheduled
TWT. In another aspect. the scheduled TWT may be different from a requested
TWT included in the first message. In an embodiment, the processing system 1810
and/or the TWT component 1824 may be configured to determine the TWT
schedule by determining if the first trigger field includes the request for the trigger
message and by scheduling one or more TWTs for the second wireless device if the
first trigger field includes the request for the trigger message. In another
embodiment, the processing system 1810, the TWT component 1824, and/or the
transmitter 1815 may be configured to transmit a TWT information message that
includes a next TWT value that is different from all TWT values associated with the
TWT schedule included in the second message. In another embodiment, the TWT
schedule may be an implicit TWT schedule. and the processing system 1810, the

TWT component 1824, and/or the receiver 1805 may be configured to receive a
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TWT information message from the second wireless device. The TWT information
message may indicate a suspension of the implicit TWT schedule or a resumption of
the implicit TWT schedule after the implicit TWT schedule has been suspended. In
another aspect, the second message may include a TWT channel indicator that
indicates a channel and a channel width to be used for communicating between the
wireless communication device 1800 and the second wireless device during the
TWT service period. In another embodiment, the processing system 1810, the TWT
component 1824, and/or the transmitter 1815 may be configured to tansmit a
trigger message that includes a cascaded indicator. The cascaded indicator may
indicate whether the wireless communication device 1800 will transmit another
trigger message after the trigger message in the TWT service period. In another
aspect, the second message may include a TWT protection indicator that indicates
whether message exchanged with the wireless communication device 1800 based on
the TWT schedule are to be preceded by an RTS and a CTS message exchange.

In another configuration, the wireless communication device 1800 may
broadcast TWTs to other wireless devices. In this configuration, the processing
system 1810 and/or the TWT component 1824 may be configured to determine a
TWT schedule and to broadcast a message that includes the TWT schedule to other
wireless devices. The message may include a broadcast indicator that indicates the
TWT schedule is a broadcast TWT schedule. In an aspect. the broadcast TWT
schedule may include non-negotiable TWT parameters for communicating between
the wireless communication device 1800 and at least one wireless device of the
wireless devices. In another aspect, the message may further include a trigger field
that indicates whether the wireless communication device 1800 will transmit a
trigger message at a start of a TWT service period. In another aspect. the message
may include a TWT flow identifier field that indicates a type of data flow allowed
during a TWT service period. In another aspect, the type of data flow allowed may
include MU OFDMA random access for wireless devices unassociated with the
wireless communication device 1800, MU OFDMA random access for wireless
devices associated with the wireless communication device 1800, MU DL OFDMA
scheduled access for wireless devices indicated in a TIM, MU UL OFDMA
scheduled access for wireless devices indicated in the TIM, MU UL MIMO
scheduled access for wireless devices indicated in the TIM, MU DL MIMO

scheduled access for wireless devices indicated in the TIM. In another aspect, the
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TWT flow identifier field may indicates one of the following types of allowed data
flows: no constraints on a type of message to be exchanged with the wireless
communication device 1800, messages containing feedback information or
management information can be exchanged with the wireless communication device
1800 and trigger messages from the wireless communication device 1800 do not
include resource units for random access, messages containing feedback information
or management information can be exchanged with the wireless communication
device 1800 and trigger messages from the wireless communication device 1800
include resource units for random access, messages containing quality of service
information can be exchanged with the wireless communication device 1800, or no
traffic is expected to be communicated to or from the wireless communication
device 1800. In another aspect, the TWT schedule may be an implicit TWT
schedule or an explicit TWT schedule. In another aspect, the TWT schedule may be
an explicit TWT schedule., the TWT schedule may includes one or more TWT
parameter sets, and each TWT parameter set may correspond to a scheduled TWT.
In another embodiment, the TWT schedule may be an implicit TWT schedule. and
the processing system 1810, the TWT component 1824, and/or the transmitter 1815
may be configured to transmit a TWT information message to the second wireless
device. The TWT information message may indicate a suspension of the implicit
TWT schedule or a resumption of the implicit TWT schedule after the implicit TWT
schedule has been suspended. In another embodiment, the processing system 1810,
the TWT component 1824, and/or the transmitter 1815 may be configured to
transmit a TWT information message to the second wireless device, and the TWT
information message may indicate a different scheduled TWT than in the TWT
schedule in the broadcasted message. In another embodiment, the processing
system 1810, the TWT component 1824, and/or the transmitter 1815 may be
configured to transmit a trigger message based on the TWT schedule. The trigger
message may include a cascaded indicator that indicates whether the wireless
communication device 1800 will transmit additional trigger messages in the TWT
service period. In another aspect. the message may include a TWT group
assignment field, and the TWT group assignment field may include a range of
identifiers that identifies a group of wireless devices scheduled to wake up at a TWT
during a TWT service period. In another aspect, the message may include a
repetition indicator, and the repetition indicator may indicate a number of TWT
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service periods for which a scheduled TWT indicated in the message are valid. In
another aspect, the message may include a TWT protection indicator that indicates
whether messages exchanged with the wireless communication device 1800 based
on the TWT schedule are to be preceded by an RTS and a CTS message exchange.
In another configuration, the wireless communication device 1800 may receive
broadcast TWTs and determine whether to join the broadcast TWT. In this
configuration, the processing system 1810, the TWT component 1824, and/or the
receiver 1805 may be configured to receive from a second wireless device a
message that includes a TWT schedule. The message may include a broadcast
indicator that indicates the TWT schedule is a broadcast TWT schedule. The
processing system 1810 and/or the TWT component 1824 may be configured to
determine one or more TWTs for the wireless communication device 1800 based on
the TWT schedule. In an aspect. the broadcast TWT schedule may include non-
negotiable TWT  parameters for communicating between the wireless
communication device 1800 and the second wireless device. In another aspect, the
message may include a trigger field that indicates whether the second wireless
device will transmit a trigger message at a start of a TW'T service period. In another
aspect, the message may include a TWT flow identifier field that indicates a type of
data flow allowed during a TWT service period. In another aspect, the TWT flow
identifier field may indicate one of the following: no constraints on a type of
message to be exchanged with the second wireless device, messages containing
feedback information or management information can be exchanged with the second
wireless device and trigger messages from the second wireless device do not include
resource units for random access, messages containing feedback information or
management information can be exchanged with the second wireless device and
trigger messages from the second wireless device include resource units for random
access, messages containing quality of service information can be exchanged with
the second wireless device, or no traffic is expected to be communicated to or from
the second wireless device. In another aspect, the TWT schedule may be an implicit
TWT schedule or an explicit TWT schedule. In another aspect. the TWT schedule
may be an explicit TWT schedule, the TWT schedule may include one or more
TWT parameter sets, and each TWT parameter set may correspond to a scheduled
TWT. In another aspect, the TWT schedule may be an implicit TWT schedule, and
the processing system 1810, the TWT component 1824, and/or the receiver 1805
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may be configured to receive a TWT information message from the second wireless
device. The TWT information message may indicate a suspension of the implicit
TWT schedule or a resumption of the implicit TWT schedule after the implicit TWT
schedule has been suspended. In another embodiment. the processing system 1810,
the TWT component 1824, and/or the receiver 1805 may be configured to receive a
TWT information message from the second wireless device. The TWT information
message may indicate a different scheduled TWT than in the received message. In
another aspect, the message may include a repetition indicator. and the repetition
indicator may indicate a number of TWT service periods for which a scheduled
TWT indicated in the message are valid. In another embodiment, the processing
system 1810, the TWT component 1824, and/or the receiver 1805 may be
configured to receive atrigger message based on the determined one or more TWTs.
In another aspect, the trigger message may include a cascaded indicator that
indicates whether the second wireless device will transmit additional trigger
messages after the trigger message in a TWT service period. In another
embodiment, the processing system 1810 and/or the TWT component 1824 may be
configured to determine to transmit to the second wireless device during a TWT
service period when the trigger message is received from the second wireless device
and to determine to transmit to the second wireless device outside of the TWT
service period based on EDCA parameters associated with an AC BE or an
AC_BK.

In another configuration. the wireless communication device 1800 may be a
TWT requester determining whether to switch operating modes. In this
configuration. the processing system 1810, the mode component 1826, and/or the
TWT component 1824 may be configured to determine whether to switch to an
active mode. a power save mode. or a TWT power save mode. During the TWT
power save mode, the wireless communication device 1800 may enter an awake
state during TWT service periods and may enter a doze state outside of the TWT
service periods. The processing system 1810, the TWT component 1824, the mode
component 1826, and/or the transmitter 1815 may be configured to transmit a
message to a second wireless device based on the determination. In another aspect,
the TWT service periods may be identified based on a TWT schedule associated
with the wireless communication device 1800. In another aspect, the message may

include a power management indicator that indicates a mode to which the wireless
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communication device 1800 intends switch. In another embodiment, the processing
system 1810, the TWT component 1824, the mode component 1826. and/or the
receiver 1805 may be configured to receive an indication from the second wireless
device instructing the wireless communication device 1800 to switch to or to switch
away from the TWT power save mode. In another aspect. the indication may
include an EOSP indicator set to 1. In another embodiment, the processing system
1810, the TWT component 1824, and/or the mode component 1826 may be
configured to determine whether to switch by determining if there is additional data
for transmission or reception, by receiving from the second wireless device a QoS
message with an EOSP indicator set to 1. or by receiving from the second wireless
device a trigger message with a cascaded indicator set to 0 in which the trigger
message is not intended for the wireless communication device 1800. In another
embodiment, the processing system 1810, the TWT component 1824, and/or the
mode component 1826 may be configured to determine a mode of the second
wireless device. In another embodiment, the processing system 1810, the TWT
component 1824, and/or the mode component 1826 may be configured to determine
the mode of the second wireless device by receiving a second message from the
second wireless device. in which second message may include a responder mode
indicator that indicates whether the second wireless device is in a doze state outside
of the TWT service periods. The determination of the mode of the second wireless
device may be based on the responder mode indicator. In another embodiment. the
processing system 1810. the TWT component 1824, and/or the mode component
1826 may be configured to determine the mode of the second wireless device by
receiving a trigger message from the second wireless device. The determination of
the mode of the second wireless device may be based on whether the trigger
message includes resource allocations to any wireless devices. In another
embodiment, the processing system 1810, the TWT component 1824, the mode
component 1826, and/or the receiver 1805 may be configured to receive from the
second wireless device a second message that includes a traffic indication map, and
the traffic indication map may indicate a mode of operation for the wireless
communication device 1800 to select.

In another configuration. the wireless communication device 1800 may be a
TWT responder with respect to operating modes. In this configuration, the

processing system 1810, the TWT component 1824, the mode component 1826,
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and/or the receiver 1805 may be configured to receive a message from a second
wireless device that indicates an intention of the second wireless device to switch to
an operating mode that is one of an active mode, a power save mode, or a TWT
power save mode. During the TWT power save mode. the second wireless device
may enter an awake state during TWT service periods and may enter a doze state
outside of the TWT service periods. The processing system 1810, the TWT
component 1824, and/or the mode component 1826 may be configured to store the
operating mode associated with the second wireless device and to transmit to the
second wireless device an acknowledgment of the operating mode switch. In an
aspect, the TWT service periods may be identified based on a TWT schedule
associated with the second wireless device. In another aspect, the message may
include a power management indicator that indicates the operating mode to which
the second wireless device intends to switch. In another embodiment, the
processing system 1810, the TWT component 1824, the mode component 1826,
and/or the transmitter 1815 may be configured to transmit a QoS message that may
include an EOSP indicator set to 1 to instruct the second wireless device to switch
operating modes. In another embodiment, the processing system 1810, the TWT
component 1824, the mode component 1826, and/or the transmitter 1815 may be
configured to transmit a responder mode indicator that indicates whether the
wireless communication device 1800 is in a doze state outside of the TWT service
periods. In another embodiment, the processing system 1810, the TWT component
1824, the mode component 1826, and/or the transmitter 1815 may be configured to
transmit a trigger message with unassigned resources to indicate that the wireless
communication device 1800 will enter into a doze state. In another embodiment, the
processing system 1810, the TWT component 1824, the mode component 1826,
and/or the transmitter 1815 may be configured to transmit a traffic indication map
that indicates the operating mode for the second wireless device to select. In another
embodiment, the processing system 1810, the TWT component 1824, the mode
component 1826, and/or the transmitter 1815 may be configured to transmit an
indication to the second wireless device instructing the second wireless device to
switch to or to switch away from the TWT power save mode.

The receiver 1805, the processing system 1810, the TWT component 1824, the
mode component 1826, and/or the transmitter 1815 may be configured to perform

one or more functions discussed above with respect to blocks 405, 410, 415, 420,
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425, 430, 435, and 440 of FIG. 4; blocks 505, 510, 515, 520, 525, and 530 of FIG. 5;
blocks 705, 710, 715, 720. and 725 of FIG. 7; blocks 805, 810, 815, 820, 825, 830,
and 835 of FIG. 8: blocks 1005, 1010, 1015, 1020, and 1025 of FIG. 10: and blocks
1105, 1110, 1115, 1120, 1125, 1130, 1135, and 1140 of FIG. 11. The receiver 1805
may correspond to the receiver 1712. The processing system 1810 may correspond
to the processor 1704. The transmitter 1815 may correspond to the transmitter
1710. The TWT component 1824 may correspond to the TWT component 126, the
TWT component 124, and/or the TWT component 1724.

In one configuration. the wireless communication device 1800 may be a TWT
requester for solicit TWTs. In this configuration. the wireless communication
device 1800 may include means for transmitting a first message that includes a first
trigger field to a second wireless device (e.g., a TWT responder). The first trigger
field may indicate whether the first message includes a request for a trigger message
to be sent by the second wireless device at a start of a TWT service period. The
wireless communication device 1800 may include means for receiving a second
message from the second wireless device. The second message may include a
second trigger field based on the first message. The second trigger field may
indicate whether the second wireless device will transmit the trigger message at the
start of the TWT service period. In an aspect. the first message may include a
requested TWT, the first trigger field may be set to 1. and the first message may
request the trigger message to be sent at the requested TWT. In another aspect, the
second message may include a scheduled TWT, the second trigger field may be set
to 1. and the second message may indicate that the second wireless device may
transmit the trigger message at the scheduled TWT. In another aspect, the scheduled
TWT may be different from a requested TWT included in the first message. In one
embodiment. the wireless communication device 1800 may include means for
determining a TWT schedule based on the received second message and means for
determining whether to transmit to the second wireless device based on the
determined TWT schedule. In this embodiment, the means for determining the
TWT schedule may be configured to determine whether the TWT schedule is an
implicit TWT schedule or an explicit TWT schedule based on the received second
message and to determine one or more TWTs associated with the TWT schedule
based on the received second message. In another embodiment, the means for

determining whether to transmit may be configured to determine to transmit during
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the TWT service period when a trigger message is received from the second wireless
device or to determine to transmit outside of the TWT service period based on
EDCA parameters associated with AC BE or AC BK. In another aspect, the
wireless communication device 1800 may determine to transmit during the TWT
service period based on the received trigger message, and the transmission may not
based on EDCA contention. In another embodiment, the wireless communication
device 1800 may include means for receiving a trigger message based on the
determined TWT schedule. The trigger message may include a cascaded indicator
that indicates whether the second wireless device will transmit another trigger
message after the trigger message in the TWT service period. In another
embodiment, the wireless communication device 1800 may include means for
receiving a TWT information message from the second wireless device, and the
TWT information message may include a next TWT wvalue. The wireless
communication device 1800 may include means for updating the TWT schedule
based on the received TWT information message. In another embodiment, the TWT
schedule may be the implicit TWT schedule, and the wireless communication device
1800 may include means for transmitting a TWT information message to the second
wireless device. The TWT information message may indicate a suspension of the
implicit TWT schedule or a resumption of the implicit TWT schedule after the
implicit TWT schedule has been suspended. In another aspect, the first message
may include a TWT channel indicator that indicates a channel and a channel width
that the wireless communication device 1800 may use for communicating with the
second wireless device during the TWT service period. In another aspect, the first
message may include an OFDMA bitmap that indicates one or more OFDMA
channels and channel widths to be used for communicating with the second wireless
device.

In another configuration, the wireless communication device 1800 may be a
TWT responder for solicit TWTs. In this configuration, the wireless communication
device 1800 may include means for receiving, from a second wireless device, a first
message that includes a first trigger field. The first trigger field may indicate
whether the first message includes a request for a trigger message to be sent by the
wireless communication device 1800 at a start of a TWT service period. The
wireless communication device 1800 may include means for determining a TWT
schedule based on the received first message. The wireless communication device
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1800 may include means for transmitting a second message to the second wireless
device. The second message may include the TWT schedule and a second trigger
field based on the determined TWT schedule. The second trigger field may indicate
whether the wireless communication device 1800 may transmit the trigger message
at the start of the TWT service period. In an aspect, the first message may include a
requested TWT, the first trigger field may be set to 1. and the first message may
request the trigger message to be sent at the requested TWT. In another aspect, the
second message may include a scheduled TWT, the second trigger field may be set
to 1, and the second message may indicate that the wireless communication device
1800 will transmit the trigger message at the scheduled TWT. In another aspect, the
scheduled TWT may be different from a requested TWT included in the first
message. In an embodiment, the means for determining the TWT schedule may be
configured to determine if the first trigger field includes the request for the trigger
message and to schedule one or more TWTs for the second wireless device if the
first trigger field includes the request for the trigger message. In another
embodiment, the wireless communication device 1800 may include means for
transmitting a TWT information message that includes a next TWT value that is
different from all TWT values associated with the TWT schedule included in the
second message. In another embodiment, the TWT schedule may be an implicit
TWT schedule, and the wireless communication device 1800 may include means for
receiving a TWT information message from the second wireless device. The TWT
information message may indicate a suspension of the implicit TWT schedule or a
resumption of the implicit TWT schedule after the implicit TWT schedule has been
suspended. In another aspect, the second message may include a TWT channel
indicator that indicates a channel and a channel width to be used for communicating
between the wireless communication device 1800 and the second wireless device
during the TWT service period. In another embodiment, the wireless
communication device 1800 may include means for transmitting a trigger message
that includes a cascaded indicator. The cascaded indicator may indicate whether the
wireless communication device 1800 will transmit another trigger message after the
trigger message in the TWT service period. In another aspect, the second message
may include a TWT protection indicator that indicates whether message exchanged
with the wireless communication device 1800 based on the TWT schedule are to be

preceded by an RTS and a CTS message exchange.
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In another configuration. the wireless communication device 1800 may
broadcast TWTs to other wireless devices. In this configuration, the wireless
communication device 1800 may include means for determining a TWT schedule
and means for broadcasting a message that includes the TWT schedule to other
wireless devices. The message may include a broadcast indicator that indicates the
TWT schedule is a broadcast TWT schedule. In an aspect, the broadcast TWT
schedule may include non-negotiable TWT parameters for communicating between
the wireless communication device 1800 and at least one wireless device of the
wireless devices. In another aspect, the message may [urther include a trigger field
that indicates whether the wireless communication device 1800 will transmit a
trigger message at a start of a TWT service period. In another aspect. the message
may include a TWT flow identifier field that indicates a type of data flow allowed
during a TWT service period. In another aspect, the type of data flow allowed may
include MU OFDMA random access for wireless devices unassociated with the
wireless communication device 1800, MU OFDMA random access for wireless
devices associated with the wireless communication device 1800, MU DL OFDMA
scheduled access for wireless devices indicated in a TIM. MU UL OFDMA
scheduled access for wireless devices indicated in the TIM, MU UL MIMO
scheduled access for wireless devices indicated in the TIM, MU DL MIMO
scheduled access for wireless devices indicated in the TIM. In another aspect. the
TWT flow identifier field may indicates one of the following types of allowed data
flows: no constraints on a type of message to be exchanged with the wireless
communication device 1800, messages containing feedback information or
management information can be exchanged with the wireless communication device
1800 and trigger messages from the wireless communication device 1800 do not
include resource units for random access. messages containing feedback information
or management information can be exchanged with the wireless communication
device 1800 and trigger messages from the wireless communication device 1800
include resource units for random access, messages containing quality of service
information can be exchanged with the wireless communication device 1800, or no
traffic is expected to be communicated to or from the wireless communication
device 1800. In another aspect. the TWT schedule may be an implicit TWT
schedule or an explicit TWT schedule. In another aspect, the TWT schedule may be

an explicit TWT schedule, the TWT schedule may includes one or more TWT
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parameter sets, and each TWT parameter set may correspond to a scheduled TWT.
In another embodiment, the TWT schedule may be an implicit TWT schedule, and
the wireless communication device 1800 may include means for transmitting a TWT
information message to the second wireless device. The TWT information message
may indicate a suspension of the implicit TWT schedule or a resumption of the
implicit TWT schedule after the implicit TWT schedule has been suspended. In
another embodiment, the wireless communication device 1800 may include means
for transmitting a TWT information message to the second wireless device, and the
TWT information message may indicate a different scheduled TWT than in the
TWT schedule in the broadcasted message. In another embodiment, the wireless
communication device 1800 may include means for transmitting a trigger message
based on the TWT schedule. The trigger message may include a cascaded indicator
that indicates whether the wireless communication device 1800 will transmit
additional trigger messages in the TWT service period. In another aspect, the
message may include a TWT group assignment field, and the TWT group
assignment field may include a range of identifiers that identifies a group of wireless
devices scheduled to wake up at a TWT during a TWT service period. In another
aspect. the message may include a repetition indicator, and the repetition indicator
may indicate a number of TWT service periods for which a scheduled TWT
indicated in the message are valid. In another aspect. the message may include a
TWT protection indicator that indicates whether messages exchanged with the
wireless communication device 1800 based on the TWT schedule are to be preceded
by an RTS and a CTS message exchange.

In another configuration, the wireless communication device 1800 may receive
broadcast TWTs and determine whether to join the broadcast TWT. In this
configuration, the wireless communication device 1800 may include means for
receiving from a second wireless device a message that includes a TWT schedule.
The message may include a broadcast indicator that indicates the TWT schedule is a
broadcast TWT schedule. The wireless communication device 1800 may include
means for determining one or more TWTs for the wireless communication device
1800 based on the TWT schedule. In an aspect. the broadcast TWT schedule may
include non-negotiable TWT parameters for communicating between the wireless
communication device 1800 and the second wireless device. In another aspect, the

message may include a trigger field that indicates whether the second wireless

81

614



WO 2016/123403 PCT/US2016/015465

device will transmit a trigger message at a start of a TWT service period. In another
aspect, the message may include a TWT flow identifier field that indicates a type of
data flow allowed during a TWT service period. In another aspect. the TWT flow
identifier field may indicate one of the following: no constraints on a type of
message to be exchanged with the second wireless device, messages containing
feedback information or management information can be exchanged with the second
wireless device and trigger messages from the second wireless device do not include
resource units for random access, messages containing feedback information or
management information can be exchanged with the second wireless device and
trigger messages from the second wireless device include resource units for random
access, messages containing quality of service information can be exchanged with
the second wireless device, or no traffic is expected to be communicated to or from
the second wireless device. In another aspect, the TWT schedule may be an implicit
TWT schedule or an explicit TWT schedule. In another aspect, the TWT schedule
may be an explicit TWT schedule, the TWT schedule may include one or more
TWT parameter sets, and each TWT parameter set may correspond to a scheduled
TWT. In another aspect, the TWT schedule may be an implicit TWT schedule, and
the wireless communication device 1800 may include means for receiving a TWT
information message from the second wireless device. The TWT information
message may indicate a suspension of the implicit TWT schedule or a resumption of
the implicit TWT schedule after the implicit TWT schedule has been suspended. In
another embodiment, the wireless communication device 1800 may include means
for receiving a TWT information message from the second wireless device. The
TWT information message may indicate a different scheduled TWT than in the
received message. In another aspect, the message may include a repetition indicator,
and the repetition indicator may indicate a number of TWT service periods for
which a scheduled TWT indicated in the message are valid. In another embodiment,
the wireless communication device 1800 may include means for receiving a trigger
message based on the determined one or more TWTs. In another aspect, the trigger
message may include a cascaded indicator that indicates whether the second wireless
device will transmit additional trigger messages after the trigger message in a TWT
service period. In another embodiment, the wireless communication device 1800
may include means for determining to transmit to the second wireless device during

a TWT service period when the trigger message is received from the second wireless
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device and means for determining to transmit to the second wireless device outside
of the TWT service period based on EDCA parameters associated with an AC BE
or an AC BK.

In another configuration, the wireless communication device 1800 may be a
TWT requester determining whether to switch operating modes. In this
configuration. the wireless communication device 1800 may include means for
determining whether to switch to an active mode, a power save mode, or a TWT
power save mode. During the TWT power save mode, the wireless communication
device 1800 may enter an awake state during TWT service periods and may enter a
doze state outside of the TWT service periods. The wireless communication device
1800 may include means for transmitting a message to a second wireless device
based on the determination. In another aspect, the TWT service periods may be
identified based on a TWT schedule associated with the wireless communication
device 1800. In another aspect, the message may include a power management
indicator that indicates a mode to which the wireless communication device 1800
intends switch. In another embodiment, the wireless communication device 1800
may include means for receiving an indication from the second wireless device
instructing the wireless communication device 1800 to switch to or to switch away
from the TWT power save mode. In another aspect, the indication may include an
EOSP indicator set to 1. In another embodiment, the means for determining
whether to switch may be configured to determine if there is additional data for
transmission or reception, to receive from the second wireless device a QoS message
with an EOSP indicator set to 1, or to receive from the second wireless device a
trigger message with a cascaded indicator set to 0 in which the trigger message is
not intended for the wireless communication device 1800. In another embodiment,
the wireless communication device 1800 may include means for determining a mode
of the second wireless device. In another embodiment, the means for determining
the mode of the second wireless device may be configured to receive a second
message [rom the second wireless device, in which second message may include a
responder mode indicator that indicates whether the second wireless device is in a
doze state outside of the TWT service periods. The determination of the mode of
the second wireless device may be based on the responder mode indicator. In
another embodiment, the means for determining the mode of the second wireless

device may be configured to receive a trigger message from the second wireless
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device. The determination of the mode of the second wireless device may be based
on whether the trigger message includes resource allocations to any wireless
devices. In another embodiment, the wireless communication device 1800 may
include means for receiving from the second wireless device a second message that
includes a traffic indication map, and the traffic indication map may indicate a mode
of operation for the wireless communication device 1800 to select.

In another configuration, the wireless communication device 1800 may be a
TWT responder with respect to operating modes. In this configuration, the wireless
communication device 1800 may include means for receiving a message from a
second wireless device that indicates an intention of the second wireless device to
switch to an operating mode that is one of an active mode, a power save mode, or a
TWT power save mode. During the TWT power save mode, the second wireless
device may enter an awake state during TWT service periods and may enter a doze
state outside of the TWT service periods. The wireless communication device 1800
may include means for storing the operating mode associated with the second
wireless device and means for transmitting to the second wireless device an
acknowledgment of the operating mode switch. In an aspect, the TWT service
periods may be identified based on a TWT schedule associated with the second
wireless device. In another aspect, the message may include a power management
indicator that indicates the operating mode to which the second wireless device
intends to switch. In another embodiment, the wireless communication device 1800
may include means for transmitting a QoS message that may include an EOSP
indicator set to 1 to instruct the second wireless device to switch operating modes.
In another embodiment, the wireless communication device 1800 may include
means for transmitting a responder mode indicator that indicates whether the
wireless communication device 1800 is in a doze state outside of the TWT service
periods. In another embodiment, the wireless communication device 1800 may
include means for transmitting a trigger message with unassigned resources to
indicate that the wireless communication device 1800 will enter into a doze state. In
another embodiment, the wireless communication device 1800 may include means
for transmitting a traffic indication map that indicates the operating mode for the
second wireless device to select. In another embodiment, the wireless

communication device 1800 may include means for transmitting an indication to the
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second wireless device instructing the second wireless device to switch to or to
switch away from the TWT power save mode.

For example. means for transmitting may include the processing system 1810,
the TWT component 1824, and/or the transmitter 1815. Means for receiving may
include the processing system 1810, the TWT component 1824, and/or the receiver
1805. Means for determining a TWT schedule based on the received second
message may include the processing system 1810 and/or the TWT component 1824.
Means for determining whether to transmit to the second wireless device based on
the determined TWT schedule may include the processing system 1810 and/or the
TWT component 1824. Means for updating may include the processing system
1810 and/or the TWT component 1824. Means for determining a TWT schedule
based on the received first message may include the processing system 1810 and/or
the TWT component 1824. Means for determining the TWT schedule may include
the processing system 1810 and/or the TWT component 1824, Means for
broadcasting may include the processing system 1810, the TWT component 1824,
and/or the transmitter 1815. Means for determining one or more TWTs may include
the processing system 1810 and/or the TWT component 1824. Means for
determining to transmit to the second wireless device during a TWT service period
may include the processing system 1810 and/or the TWT component 1824. Means
for determining to transmit to the second wireless device outside of the TWT service
period may include the processing system 1810 and/or the TWT component 1824.
Means for determining whether to switch may include the processing system 1810,
the mode component 1826, and/or the TWT component 1824. Means for
determining a mode of the second wireless device may include the processing
system 1810, the TWT component 1824, and/or the mode component 1826. Means
for storing may include the processing system 1810, the TWT component 1824,
and/or the mode component 1826.

The various operations of methods described above may be performed by any
suitable means capable of performing the operations. such as various hardware
and/or software component(s). circuits. and/or module(s). Generally. any operations
illustrated in the Figures may be performed by corresponding functional means
capable of performing the operations.

The various illustrative logical blocks. components and circuits described in
connection with the present disclosure may be implemented or performed with a
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general purpose processor, a DSP, an ASIC, an FPGA or other PLD, discrete gate or
transistor logic, discrete hardware components or any combination thereof designed
to perform the functions described herein. A general purpose processor may be a
microprocessor, but in the alternative, the processor may be any commercially
available processor, controller, microcontroller or state machine. A processor may
also be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration.

In one or more aspects, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in
software, the functions may be stored on or transmitted over as one or more
instructions or code on a computer-readable medium. Computer-readable media
includes both computer storage media and communication media including any
medium that facilitates transfer of a computer program from one place to another. A
storage media may be any available media that can be accessed by a computer. By
way of example, and not limitation, such computer-readable media can comprise
RAM. ROM, EEPROM, compact disc (CD) ROM (CD-ROM) or other optical disk
storage. magnetic disk storage or other magnetic storage devices, or any other
medium that can be used to carry or store desired program code in the form of
instructions or data structures and that can be accessed by a computer. Also, any
connection is properly termed a computer-readable medium. For example, if the
software is transmitted from a website, server, or other remote source using a
coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL). or
wireless technologies such as infrared, radio, and microwave, then the coaxial cable,
fiber optic cable, twisted pair, DSL, or wireless technologies such as infrared, radio,
and microwave are included in the definition of medium. Disk and disc. as used
herein, includes CD, laser disc, optical disc, digital versatile disc (DVD), floppy
disk and Blu-ray disc where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Thus, computer readable medium comprises a
non-transitory computer readable medium (e.g.. tangible media).

The methods disclosed herein comprise one or more steps or actions for
achieving the described method. The method steps and/or actions may be
interchanged with one another without departing from the scope of the claims. In

other words, unless a specific order of steps or actions is specified, the order and/or

86

619



WO 2016/123403 PCT/US2016/015465

[00222]

[00223]

[00224]

[00225]

[00226]

use of specific steps and/or actions may be modified without departing from the
scope of the claims.

Thus, certain aspects may comprise a computer program product for performing
the operations presented herein. For example. such a computer program product
may comprise a computer readable medium having instructions stored (and/or
encoded) thereon, the instructions being executable by one or more processors to
perform the operations described herein. For certain aspects, the computer program
product may include packaging material.

Further, it should be appreciated that components and/or other appropriate
means for performing the methods and techniques described herein can be
downloaded and/or otherwise obtained by a user terminal and/or base station as
applicable. For example. such a device can be coupled to a server to facilitate the
transfer of means for performing the methods described herein. Alternatively,
various methods described herein can be provided via storage means (e.g.. RAM,
ROM, a physical storage medium such as a CD or floppy disk, etc.). such that a user
terminal and/or base station can obtain the various methods upon coupling or
providing the storage means to the device. Moreover, any other suitable technique
for providing the methods and techniques described herein to a device can be
utilized.

It is to be understood that the claims are not limited to the precise configuration
and components illustrated above. WVarious modifications, changes and variations
may be made in the arrangement, operation and details of the methods and apparatus
described above without departing from the scope of the claims.

While the foregoing is directed to aspects of the present disclosure, other and
further aspects of the disclosure may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the claims that follow.

The previous description is provided to enable any person skilled in the art to
practice the various aspects described herein. Various modifications to these aspects
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other aspects. Thus, the claims are not intended to be
limited to the aspects shown herein, but is to be accorded the full scope consistent
with the language claims, wherein reference to an element in the singular is not
intended to mean "one and only one" unless specifically so stated, but rather "one or

more." Unless specifically stated otherwise, the term "some" refers to one or more.
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All structural and functional equivalents to the elements of the various aspects
described throughout this disclosure that are known or later come to be known to
those of ordinary skill in the art are expressly incorporated herein by reference and
are intended to be encompassed by the claims. Moreover. nothing disclosed herein
is intended to be dedicated to the public regardless of whether such disclosure is
explicitly recited in the claims. No claim element is to be construed under the
provisions of 35 U.S.C. §112(f), unless the element is expressly recited using the
phrase "means for" or, in the case of a method claim, the element is recited using the

phrase "step for."
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CLAIMS

WHAT IS CLAIMED IS:

I A method of wireless communication by a first wireless device, comprising:

determining whether to switch to an active mode, a power save mode, or a target
wake time (TWT) power save mode, wherein, during the TWT power save mode, the
first wireless device enters an awake state during TWT service periods and enters a doze
state outside of the TWT service periods; and

transmitting a message to a second wireless device based on the determination.

2. The method of claim 1, wherein the TWT service periods are identified based on

a TWT schedule associated with the first wireless device.

3. The method of claim 1, wherein the message includes a power management

indicator that indicates a mode to which the first wireless device intends switch.

4. The method of claim 1, further comprising receiving an indication from the
second wireless device instructing the first wireless device to switch to or to switch

away from the TWT power save mode.

5. The method of claim 4. wherein the indication includes an end of service period

(EOSP) indicator set to 1.

6. The method of claim 1. wherein the determining comprises:

determining if there is additional data for transmission or reception;

receiving from the second wireless device a quality of service (QoS) message
with an end of service period (EOSP) indicator setto 1; or

receiving from the second wireless device a trigger message with a cascaded

indicator set to 0 and the trigger message is not intended for the first wireless device.
7. The method of claim 1. further comprising determining a mode of the second

wireless device.
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8. The method of claim 7, wherein the determining the mode of the second wireless
device comprises receiving a second message from the second wireless device, wherein
second message includes a responder mode indicator that indicates whether the second
wireless device is in a doze state outside of the TWT service periods, and the
determination of the mode of the second wireless device is based on the responder mode

indicator.

9 The method of claim 1. wherein the determining the mode of the second wireless
device comprises receiving a trigger message from the second wireless device, wherein
the determination of the mode of the second wireless device is based on whether the

trigger message includes resource allocations to any wireless devices.

10. The method of claim 1, further comprising receiving from the second wireless
device a second message that includes a traffic indication map. wherein the traffic

indication map indicates a mode of operation for the first wireless device to select.

11. A method of wireless communication by a first wireless device, comprising:
receiving a message from a second wireless device that indicates an intention of
the second wireless device to switch to an operating mode that is one of an active mode,
a power save mode, or a target wake time (TWT) power save mode, wherein, during the
TWT power save mode, the second wireless device enters an awake state during TWT
service periods and enters a doze state outside of the TWT service periods;
storing the operating mode associated with the second wireless device; and
transmitting to the second wireless device an acknowledgment of the operating

mode switch.

12. The method of claim 11, wherein the TWT service periods are identified based

on a TWT schedule associated with the second wireless device.

13. The method of claim 11, wherein the message includes a power management
indicator that indicates the operating mode to which the second wireless device intends

to switch.

90

623



WO 2016/123403 PCT/US2016/015465

14. The method of claim 11, further comprising transmitting a quality of service
(QoS) message that includes an end of service period (EOSP) indicator set to 1 to

instruct the second wireless device to switch operating modes.

15 The method of claim 11, further comprising transmitting a responder mode
indicator that indicates whether the first wireless device is in a doze state outside of the

I'WT service periods.

l6. The method of claim 11, further comprising transmitting a trigger message with

unassigned resources to indicate that the first wireless device will enter into a doze state.

17. The method of claim 11. further comprising transmitting a traffic indication map

that indicates the operating mode for the second wireless device to select.

18. The method of claim 11, further comprising transmitting an indication to the
second wireless device instructing the second wireless device to switch to or to switch

away from the TWT power save mode.

19. An apparatus for wireless communication, the apparatus being a first wireless
device, comprising:

means for determining whether to switch to an active mode, a power save mode,
or a target wake time (TWT) power save mode, wherein, during the TWT power save
mode, the first wireless device enters an awake state during TWT service periods and
enters a doze state outside of the TWT service periods; and

means for fransmitting a message to a second wireless device based on the

determination.

20. The apparatus of claim 19. wherein the TWT service periods are identified based

on a TWT schedule associated with the first wireless device.

21. The apparatus of claim 19, wherein the message includes a power management

indicator that indicates a mode to which the first wireless device intends switch.
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22. The apparatus of claim 19, further comprising means for receiving an indication
from the second wireless device instructing the first wireless device to switch to or to

switch away from the TWT power save mode.

23. The apparatus of claim 22, wherein the indication includes an end of service

period (EOSP) indicator set to 1.

24. The apparatus of claim 19, wherein the means for determining is configured to:
determine if there is additional data for transmission or reception;
receive from the second wireless device a quality of service (QoS) message with
an end of service period (EOSP) indicator set to 1; or
receive from the second wireless device a trigger message with a cascaded

indicator set to 0 and the trigger message is not intended for the first wireless device.

25. The apparatus of claim 19, further comprising means for determining a mode of

the second wireless device.

26. The apparatus of claim 25, wherein the means for determining the mode of the
second wireless device is configured to receive a second message from the second
wireless device, wherein second message includes a responder mode indicator that
indicates whether the second wireless device is in a doze state outside of the TWT
service periods, and the determination of the mode of the second wireless device is

based on the responder mode indicator.

27. The apparatus of claim 19, wherein the means for determining the mode of the
second wireless device is configured to receive a trigger message from the second
wireless device, and wherein the determination of the mode of the second wireless
device is based on whether the trigger message includes resource allocations to any

wireless devices.

28. The apparatus of claim 19, further comprising means for receiving from the
second wireless device a second message that includes a traffic indication map. wherein
the traffic indication map indicates a mode of operation for the first wireless device to
select.
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29, An apparatus for wireless communication, the apparatus being a first wireless
device, comprising:

means for receiving a message from a second wireless device that indicates an
intention of the second wireless device to switch to an operating mode that is one of an
active mode, a power save mode, or a target wake time (TWT) power save mode,
wherein, during the TWT power save mode, the second wireless device enters an awake
state during TWT service periods and enters a doze state outside of the TWT service
periods;

means for storing the operating mode associated with the second wireless
device; and

means for transmitting to the second wireless device an acknowledgment of the

operating mode switch.

30. The apparatus of claim 29, wherein the TWT service periods are identified based

on a TWT schedule associated with the second wireless device.

31, The apparatus of claim 29, wherein the message includes a power management
indicator that indicates the operating mode to which the second wireless device intends

to switch.

32. The apparatus of claim 29, further comprising means for transmitting a quality
of service (QoS) message that includes an end of service period (EOSP) indicator set to

1 to instruct the second wireless device to switch operating modes.

33 The apparatus of claim 29, further comprising means for transmitting a
responder mode indicator that indicates whether the first wireless device is in a doze
state outside of the TWT service periods.

34. The apparatus of claim 29, further comprising means for transmitting a trigger

message with unassigned resources to indicate that the first wireless device will enter

into a doze state.
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35. The apparatus of claim 29, further comprising means for transmitting a traffic
indication map that indicates the operating mode for the second wireless device to

select.

36. The apparatus of claim 29, further comprising means for transmitting an
indication to the second wireless device instructing the second wireless device to switch

to or to switch away from the TWT power save mode.

37. An apparatus for wireless communication, the apparatus being a first wireless
device, comprising:
a memory; and
at least one processor coupled to the memory and configured to:
determine whether to switch to an active mode. a power save mode, or a
target wake time (TWT) power save mode, wherein, during the TWT power save mode,
the first wireless device enters an awake state during TWT service periods and enters a
doze state outside of the TWT service periods; and
transmit a message to a second wireless device based on the

determination.

38. The apparatus of claim 37, wherein the TWT service periods are identified based

on a TWT schedule associated with the first wireless device.

39, The apparatus of claim 37, wherein the message includes a power management

indicator that indicates a mode to which the first wireless device intends switch.

40. The apparatus of claim 37. wherein the at least one processor is further
configured to receive an indication from the second wireless device instructing the first

wireless device to switch to or to switch away from the TWT power save mode.

41. The apparatus of claim 40, wherein the indication includes an end of service

period (EOSP) indicator set to 1.

42, The apparatus of claim 37, wherein the at least one processor is configured to

determine by:
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determining if there is additional data for transmission or reception;

receiving from the second wireless device a quality of service (QoS) message
with an end of service period (EOSP) indicator setto 1; or

receiving from the second wireless device a trigger message with a cascaded

indicator set to 0 and the trigger message is not intended for the first wireless device.

43. The apparatus of claim 37, wherein the at least one processor is configured to

determine a mode of the second wireless device.

44, The apparatus of claim 43, wherein the at least one processor is configured to
determine the mode of the second wireless device by receiving a second message from
the second wireless device, wherein second message includes a responder mode
indicator that indicates whether the second wireless device is in a doze state outside of
the TWT service periods, and the determination of the mode of the second wireless

device is based on the responder mode indicator.

45. The apparatus of claim 37, wherein the at least one processor is configured to
determine the mode of the second wireless device by receiving a trigger message from
the second wireless device, wherein the determination of the mode of the second
wireless device is based on whether the trigger message includes resource allocations to

any wireless devices.

46. The apparatus of claim 37, wherein the at least one processor is further
configured to receive from the second wireless device a second message that includes a
traffic indication map, wherein the traffic indication map indicates a mode of operation

for the first wireless device to select.

47. An apparatus for wircless communication, the apparatus being a first wireless
device, comprising:
a memory: and
at least one processor coupled to the memory and configured to:
receive a message from a second wireless device that indicates an
intention of the second wireless device to switch to an operating mode that is one of an

active mode, a power save mode, or a target wake time (TWT) power save mode,
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wherein, during the TWT power save mode, the second wireless device enters an awake
state during TWT service periods and enters a doze state outside of the TWT service
periods;
store the operating mode associated with the second wireless device; and
transmit to the second wireless device an acknowledgment of the

operating mode switch.

48. The apparatus of claim 47, wherein the TWT service periods are identified based

on a TWT schedule associated with the second wireless device.

49. The apparatus of claim 47, wherein the message includes a power management
indicator that indicates the operating mode to which the second wireless device intends

to switch.

50. The apparatus of claim 47, wherein the at least one processor is further
configured to transmit a quality of service (QoS) message that includes an end of
service period (EOSP) indicator set to 1 to instruct the second wireless device to switch

operating modes.

51. The apparatus of claim 47, wherein the at least one processor is further
configured to fransmit a responder mode indicator that indicates whether the first

wireless device is in a doze state outside of the TWT service periods.

52. The apparatus of claim 47, wherein the at least one processor is further
configured to transmit a trigger message with unassigned resources to indicate that the

first wireless device will enter into a doze state.

53. The apparatus of claim 47, wherein the at least one processor is further
configured to transmit a traffic indication map that indicates the operating mode for the

second wireless device to select.

54. The apparatus of claim 47, wherein the at least one processor is further
configured to transmit an indication to the second wireless device instructing the second

wireless device to switch to or to switch away from the TWT power save mode.
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55. A computer-readable medium of a first wireless device storing computer-
executable code, comprising code to:

determine whether to switch to an active mode, a power save mode, or a target
wake time (TWT) power save mode, wherein, during the TWT power save mode, the
first wireless device enters an awake state during TWT service periods and enters a doze
state outside of the TWT service periods; and

transmit a message to a second wireless device based on the determination.

56. A computer-readable medium of a first wireless device storing computer-
executable code. comprising code to:

receive a message from a second wireless device that indicates an intention of
the second wireless device to switch to an operating mode that is one of an active mode,
a power save mode, or atarget wake time (TWT) power save mode, wherein, during the
TWT power save mode, the second wireless device enters an awake state during TWT
service periods and enters a doze state outside of the TWT service periods;

store the operating mode associated with the second wireless device; and

transmit to the second wireless device an acknowledgment of the operating

mode switch.
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1005
i N e e S e oo
: receive an indication from the second wireless
device instructing the first wireless device to switch
to or to switch away from the TWT power save
mode

determine whether to switch to an active mode, a
power save mode, or a TWT power save mode -
during the TWT power save mode, a first wireless
device enters an awake state during TWT service
periods and enters a doze state outside of the
TWT service periods

1015ﬁ\ l

transmit a message to a second wireless device
based on the determination

1020

Paps SpE R L S -
I

: determine a mode of the second wireless device |

Lo I

1025 l

: receive from the second wireless device a second |
message that includes a traffic indication map,

| wherein the traffic indication map indicates a mode|

| of operation for the first wireless device to select |

FIG. 10
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METHODS AND APPARATUS FOR SELECTING ENHANCED DISTRIBUTED
CHANNEL ACCESS PARAMETERS FOR DIFFERENT STATIONS

BACKGROUND
Field
[0001] The present application relates generally to wireless communications, and more
specifically to methods and apparatuses for selecting enhanced distributed channel

access (EDCA) parameters for multi-user (MU) transmissions.

Background

[0002] Communications networks are used to exchange messages among devices.
Wireless networks are often preferred when the network elements are mobile and thus
have dynamic connectivity needs. or if the network architecture is formed in an ad hoc,
rather than fixed, topology. The devices in a wireless network may transmit/receive
information based on channel access protocols such as enhanced distributed channel
access (EDCA). EDCA defines separate data traffic access categories, which may
include best effort, background, video and voice over wireless local access network
(WLAN) (VoWLAN). For example, data traffic associated with transmission or
reception of emails may be assigned a low priority class, and VoWLAN may be
assigned a high priority class. Utilizing EDCA, high-priority data traffic has more
opportunity of being sent than a low-priority data traffic because a station with high
priority data traffic waits for less time before sending such a data packet. on average,
than a station with low priority data traffic.

[0003] Wireless networks are often preferred when the network elements are mobile
and thus have dvnamic connectivity needs, or if the network architecture is formed in an
ad hoc, rather than fixed, topology. Wireless networks employ intangible physical
media in an unguided propagation mode using eleciromagnetic waves in the radio,
microwave, infra-red, optical, etc. frequency bands. Wireless networks advantageously
facilitate user mobility and rapid field deployment when compared to fixed wired
networks.

[0004] In order to address the issue of increasing bandwidth requirements that are
demanded for wireless communications systems, different schemes are being developed
to allow multiple user terminals (UTs) to communicate with a single access point by

sharing the channel resources while achieving high data throughputs. With limited
2
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communication resources, it is desirable to reduce the amount of traffic passing between
the access point and the multiple terminals. For example, when multiple terminals send
uplink communications to the access point. it is desirable to minimize the amount of
traffic to complete the uplink of all transmissions. Thus, there is a need for an improved

protocol for uplink transmissions from multiple terminals.

SUMMARY

[0005] The systems, methods, and devices of the invention each have several aspects,
no single one of which is solely responsible for its desirable attributes. Without limiting
the scope of this invention as expressed by the claims which follow, some features will
now be discussed briefly. Afier considering this discussion, and particularly after
reading the section entitled “Detailed Description™ one will understand how the features
of this invention provide advantages that include improved communications between
access points and stations in a wireless network.

[0006] One aspect of the disclosure provides a method for selecting channel access
parameters for communication in a network, the method comprising selecting, at a first
wireless device, an enhanced distributed channel access (EDCA) parameter for
communication with a second wireless device, wherein selecting the EDCA parameter
is based on a capability of the first wireless device to receive scheduled uplink
transmissions, and a capability of the second wireless device to transmit multi-user
uplink transmissions.

[0007] For some embodiments, the method may include transmitting an indication of
the selection of the EDCA parameter to the second wireless device. For some
embodiments, the first wireless device is one of an access point and a station, and the
second wireless device is the other one of the access point and the station. For some
embodiments, selecting the EDCA parameter is based on a previous transmission from
the second wireless device to the first wireless device. For some embodiments,
selecting the EDCA parameter is based on receiving an immediate response to the
indication transmitted to the second wireless device. For some embodiments, selecting
a second EDCA parameter for communication with the second wireless device is based
on a time elapsed since receiving an immediate response to the indication transmitted to
the second wireless device. For some embodiments, the method may include generating

an information element. the information element comprising a variable length of bits,
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wherein the variable length of bits is based on at least one of a type of signal and a
service provider. For some embodiments, selecting the EDCA parameter further
comprises selecting the EDCA parameter based on a type of the second wireless device.
For some embodiments, the method may include classifying the second wireless device
into a subset of wireless devices, the subset of wireless devices being one of a plurality
of subsets of wireless devices, wherein the classification is based on a type of the
second wireless device and a multi-user uplink capability of the second wireless device.
For some embodiments, the method may include selecting, at the first wireless device.,
the EDCA parameter for communication with the second wireless device based on the
subset of wireless devices. For some embodiments, the EDCA parameter comprises at
least one of a minimum contention window (CWmin). a maximum contention window
(CWmax), a transmit opportunity (TXOP), a transmission opportunity limit (TXOP
limit), and an arbitration inter frame space (AIFS). For some embodiments, the first
wireless device appends one or more rules for the first wireless device to the EDCA
parameter. For some embodiments, the second wireless device is triggered by the first
wireless device via the multi-user uplink transmissions to send a single-user uplink
transmission. For some embodiments, the second wireless device operates in at least
one of a non-high throughput mode and a verv high throughput mode. For some
embodiments, the method may include advertising, by the first wireless device, the
EDCA parameter via an information element, wherein the information element includes
at least one of an element identification field, a length field. another information field,
and an extension field.

[0008] Another aspect of the disclosure is an apparatus for wireless communication,
comprising a processing system configured to select, at a first wireless device. an
enhanced distributed channel access (EDCA) parameter for communication with a
second wireless device, wherein selecting the EDCA parameter is based on a capability
of the first wireless device to receive scheduled uplink transmissions uplink
transmissions, and a capability of the second wireless device to transmit multi-user
uplink transmissions.

[0009] For some embodiments, the apparatus may include a transmitter configured to
transmit an indication of the selection of the EDCA parameter to the second wircless
device. In some embodiments, wherein the processing system is further configured to

select the EDCA parameter based on a capability of the first wireless device to receive

4
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scheduled uplink transmissions uplink transmissions and a capability of the second
wireless device to transmit multi-user uplink transmissions. In some embodiments,
selecting the EDCA parameter further comprises selecting the EDCA parameter based
on a type of the second wireless device. In some embodiments, the processing sysiem is
further configured to classify the second wireless device into a subset of wireless
devices, the subset of wireless devices being one of a plurality of subsets of wireless
devices, wherein the classification is based on a type of the second wireless device and a
multi-user uplink capability of the second wireless device. In some embodiments, the
EDCA parameter is selected based on the subset of wireless devices. In some
embodiments, the EDCA parameter comprises at least one of a minimum contention
window (CWmin), a maximum contention window (CWmax), a transmit opportunity
(TXOP), a transmission opportunity limit (TXOP limit), and an arbitration inter frame
space (AIFS). In some embodiments, the first wireless device appends one or more
rules for the first wireless device to the EDCA parameter. In some embodiments. the
second wireless device is triggered by the first wireless device via the multi-user uplink
transmissions to send a single-user uplink transmission. In some embodiments, the
second wireless device operates in at least one of a non-high throughput mode and a
very high throughput mode. In some embodiments, the processor system may advertise,
by the first wireless device, the EDCA parameter via an information element, wherein
the information element includes at least one of an element identification field, a length

field, another information field. and an extension field.

[0010] Another aspect of the disclosure is a non-transitory computer-readable medium
comprising code that. when executed, causes an apparatus to select, at a first wireless
device, an enhanced distributed channel access (EDCA) parameter for communication
with a second wireless device, wherein selecting the EDCA parameter is based on a
capability of the first wireless device to receive scheduled uplink transmissions, and a
capability of the second wireless device to transmit multi-user uplink transmissions.

[0011] For some embodiments, the non-transitory computer-readable medium
comprising code that, when executed, causes an apparatus to select, at a first wireless
device, an enhanced distributed channel access (EDCA) parameter for communication
with a second wireless device, wherein selecting the EDCA parameter is based on a

capability of the first wireless device to receive scheduled uplink transmissions, and a
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capability of the second wireless device to transmit multi-user uplink transmissions.
For some embodiments, the non-transitory computer-readable medium comprising code
that, when executed, causes the apparatus to advertise, by the first wireless device, the
EDCA parameter via an information element, wherein the information element includes
at least one of an element identification field, a length field, another information field,
and an extension field. For some embodiments, the non-transitory computer-readable
medium comprising code that, when executed. causes the apparatus to transmit an
indication of the selection of the EDCA parameter to the second wireless device. For
some c¢mbodiments, the non-transitory computer-readable medium comprising code
that. when executed. causes the apparatus to classify the second wireless device into a
subset of wireless devices. the subset of wireless devices being one of a plurality of
subsets of wireless devices, wherein the classification is based on a type of the second

wireless device and a multi-user uplink capability of the second wircless device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 illustrates an example of a wireless communication system in which
aspects of the present disclosure may be employed.
[0013] FIG. 2 illustrates various componenis that may be utilized in a wireless device

that may be employed within the wireless communication system of FIG. 1.

[0014] FIG. 3 illustrates an exemplary implementation of an information element.

[0015] FIG. 4 illustrates another exemplary implementation of an EDCA parameter set
information element.

[0016] FIG. 5 shows a flow chart of an exemplary method of wireless communication

in a wireless communication system.

DETAILED DESCRIPTION

[0017] Various aspects of the novel systems, apparatuses, and methods are
described more fully hereinafter with reference to the accompanying drawings. This
disclosure may, however, be embodied in many different forms and should not be
construed as limited to any specific structure or function presented throughout this
disclosure. Rather, these aspects are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the disclosure to those skilled in the

art. Based on the teachings herein one skilled in the art should appreciate that the scope
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of the disclosure is intended to cover any aspect of the novel systems, apparatuses, and
methods disclosed herein, whether implemented independently of, or combined with,
any other aspect of the invention. For example, an apparatus can be implemented or a
method can be practiced using any number of the aspects set forth herein. In addition,
the scope of the invention is intended to cover such an apparatus or method which is
practiced using other structure, functionality, or structure and functionality in addition
to or other than the various aspects of the invention set forth herein. It should be
understood that any aspect disclosed herein can be embodied by one or more elements
of a claim,

[0018] Although particular aspects are described herein, many variations and
permutations of these aspects fall within the scope of the disclosure. Although some
benefits and advantages of the preferred aspects are mentioned, the scope of the
disclosure is not intended to be limited to particular benefits, uses. or objectives.
Rather, aspects of the disclosure are intended to be broadly applicable to different
wireless technologies, system configurations, networks., and transmission protocols,
some of which are illustrated by way of example in the figures and in the following
description of the preferred aspects. The detailed description and drawings are merely
illustrative of the disclosure rather than limiting, the scope of the disclosure being
defined by the appended claims and equivalents thereof.

[0019] Popular wireless network technologies may include various types of wireless
local area networks (WLANs). A WLAN can be used to interconnect nearby devices
together, employing widely used networking protocols. The various aspects described
herein may apply to any communication standard, such as a wireless protocol.

[0020] In some aspects. wireless signals can be transmitted according to a high-
efficiency 802.11 protocol using orthogonal frequency-division multiplexing (OFDM),
direct—sequence spread spectrum (DSSS) communications, a combination of OFDM
and DSSS communications, or other schemes. In some aspects, the high-efficiency
802.11 protocol may comprise the IEEE 802.1lax protocol or future protocols.
Implementations of the high-efficiency 802.11 protocol can be used for Internet access,
sensors, metering, smart grid networks, or other wireless applications. Advantageously,
aspects of certain devices implementing the high-efficiency 802.11 protocol using the
techniques disclosed herein may include allowing for increased peer-to-peer services

(for example, Miracast, WiFi Direct Services, Social WiFi, etc.) in the same area,
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supporting increased per-user minimum throughput requirements, supporiing more
users, providing improved outdoor coverage and robustness. and/or consuming less
power than devices implementing other wireless protocols.

[0021] In some implementations, a WLAN includes various devices which are the
components that access the wircless network. For example, there can be two types of
devices: access points (TAPs™) and clients (also referred to as stations, or “STAs™). In
general, an AP may serve as a hub or base station for the WLAN and an STA serves as
a user of the WLAN. For example, an STA can be a laptop computer, a personal digital
assistant (PDA), a mobile phone, etc. In an example, an STA connects to an AP via a
WiFi (for example, IEEE 802.11 protocol) compliant wireless link to obtain general
connectivity to the Internet or to other wide area networks. In some implementations an
STA may also be used as an AP,

[0022] An access point (“AP”) may also comprise, be implemented as. or known as
a NodeB. Radio Network Controller (“"RNC”). eNodeB. Base Station Controller
(“BSC™), Base Transceiver Station ("BTS™), Base Station ("BS™), Transceiver Function
("TF™). Radio Router, Radio Transceiver, or some other terminology.

[0023] A station “STA” may also comprise, be implemented as, or known as an
access terminal ("AT"), a subscriber station. a subscriber unit. a mobile station, a
remote station, a remote terminal, a user terminal, a user agent, a user device, user
equipment. or some other terminology. In some implementations an access terminal
may comprise a cellular telephone, a cordless telephone, a Session Initiation Protocol
(*SIP”) phone, a wireless local loop (“WLL™) station, a personal digital assistant
("PDA™), a handheld device having wireless connection capability, or some other
suitable processing device connected to a wireless modem. Accordingly, one or more
aspects taught herein can be incorporated into a phone (for example, a cellular phone or
smartphone), a computer (for example, a laptop), a portable communication device, a
headset, a portable computing device (for example, a personal data assistant), an
entertainment device (for example, a music or video device, or a satellite radio), a
gaming device or system, a global positioning system device, or any other suitable
device that is configured to communicate via a wireless medium.

[0024] As discussed above, certain of the devices described herein may implement a
high-efficiency 802.11 standard, for example. Such devices, whether used as an STA or

AP or other device, can be used for smart metering or in a smart grid network. Such

659



devices may provide sensor applications or be used in home automation. The devices
may instead or in addition be used in a healthcare context, for example for personal
healthcare. They may also be used for surveillance, to enable extended-range Internet
connectivity (for example, for use with hotspots), or to implement machine-to-machine
communications.

[0025] FIG. 1 shows an exemplary wireless communication system 100 in which
aspects of the present disclosure can be employed. The wireless communication system
100 may operate pursuant to a wireless standard, for example a high-efficiency 802.11
standard. The wircless communication system 100 may include an AP 104, which
communicates with STAs 106a-d.

[0026] A variety of processes and methods can be used for transmissions in the
wireless communication system 100 between the AP 104 and the STAs 106. For
example, signals can be sent and received between the AP 104 and the STAs 106 in
accordance with OFDM/OFDMA or multi-user multiple input multiple output (MU-
MIMO) techniques. If this is the case, the wireless communication system 100 can be
referred to as an OFDM/OFDMA or an MU-MIMO system. Alternatively. signals can
be sent and received between the AP 104 and the STAs 106 in accordance with code
division multiple access (CDMA) techniques. If this is the case, the wireless
communication system 100 can be referred to as a CDMA system.

[0027] A communication link that facilitates transmission from the AP 104 to one or
more of the STAs 106 can be referred to as a downlink (DL) 108, and a communication
link that facilitates transmission from one or more of the STAs 106 to the AP 104 can
be referred to as an uplink (UL) 110. Alternatively. a downlink 108 can be referred to
as a forward link or a forward channel. and an uplink 110 can be referred to as a reverse
link or a reverse channel.

[0028] The AP 104 may act as a base station and provide wircless communication
coverage in a basic service area (BSA) 102. The AP 104 along with the STAs 106
associated with the AP 104 and that use the AP 104 for communication can be referred
to as a basic service set (BSS). It should be noted that the wireless communication
system 100 may not have a central AP 104, but rather may function as a peer-to-peer
network between the STAs 106. Accordingly, the functions of the AP 104 described

herein may alternatively be performed by one or more of the STAs 106.
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[0029] In some aspects, a STA 106 can be required to associate with the AP 104 in
order to send communications to and/or receive communications from the AP 104, In
one aspect, information for associating is included in a broadcast by the AP 104. To
receive such a broadcast, the STA 106 may, for example, perform a broad coverage
search over a coverage region. A search may also be performed by the STA 106 by
sweeping a coverage region in a lighthouse fashion, for example. After receiving the
information for associating, the STA 106 may transmit a reference signal, such as an
association probe or request, to the AP 104, In some aspects, the AP 104 may use
backhaul services. for example, to communicate with a larger network, such as the
Internet or a public switched telephone network (PSTN).

[0030] In an embodiment, the AP 104 includes an AP high-cfficiency wireless
component (HEWC) 154, The AP HEWC 154 may perform some or all of the
operations described herein to enable communications between the AP 104 and the
STAs 106 using the high-efficiency 802.11 protocol. The functionality of some
implementations of the AP HEWC 154 is described in greater detail below with respect
to FIGS. 2, 3, and 4.

[0031] Alternatively or in addition, the STAs 106 may include a STA HEWC 156.
The STA HEWC 156 may perform some or all of the operations described herein to
enable communications between the STAs 106 and the AP 104 using the high-
efficiency 802.11 protocol.

[0032] Generally, wireless networks that use a regular 802.11 protocol (for
example, 802.11ax, 802.11ah, 802.11ac, 802.11a, 802.11b, 802.11g, 802.11n, eic.)
operate under a carrier sense multiple access (CSMA) mechanism for medium access.
According to CSMA. devices sense the medium and only transmit when the medium is
sensed to be idle. Thus, if the AP104 and/or STAs 106a-d are operating according to
the CSMA mechanism and a device in the BSA 102 (for example, the AP 104) is
transmitting data, then in some aspects APs and/or STAs outside of the BSA 102 may
not transmit over the medium even though they are part of a different BSA.

[0033] The use of the CSMA mechanism then creates inefficiencies because some
APs or STAs outside of a BSA can be able to transmit data without interfering with a
transmission made by an AP or STA in the BSA. As the number of active wireless
devices continues to grow, the inefficiencies can begin to significantly affect network

latency and throughput. For example, significant network latency issues may appear in
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apartment buildings, in which each apartment unit may include an access point and
associated stations. In fact, each apartment unit may include multiple access points, as a
resident may own a wireless router, a video game console with wireless media center
capabilities, a television with wireless media center capabilities, a cell phone that can
act like a personal hot-spot, and/or the like. Correcting the inefficiencies of the CSMA
mechanism may then be vital to avoid latency and throughput issues and overall user
dissatisfaction.

[0034] Such latency and throughput issues may not be confined to residential areas.
For example, multiple access points can be located in airports, subway stations, and/or
other densely-populated public spaces. Currently, WiFi access can be offered in these
public spaces, but for a fee. If the inefficiencies created by the CSMA mechanism are
not corrected, then operators of the wireless networks may lose customers as the fees
and lower quality of service begin to outweigh any benefits.

[0035] Accordingly. the high-efficiency 802.11 protocol described herein may allow
for devices to operate under a modified mechanism that minimizes these inefficiencies
and increases network throughput. Such a mechanism is described below with respect
to FIGs. 3-5. Additional aspects of the high-efficiency 802.11 protocol are described
below with respect to FIGS. 3-5.

[0036] FIG. 2 illustrates various components that may be utilized in a wireless
device 202 that may be employed within the wireless communication system 100. The
wireless device 202 is an example of a device that may be configured to implement
various aspects described herein. For example, the wireless device 202 may comprise
the AP 104 or any one of the wireless devices 106a-106d.

[0037] The wireless device 202 may include a processor 204 which controls operation
of the wireless device 202. The processor 204 may also be referred to as a central
processing unit (CPU). Memory 206, which may include both read-only memory
(ROM) and random access memory (RAM), provides instructions and data to the
processor 204. A portion of the memory 206 may also include non-volatile random
access memory (NVRAM). The processor 204 typically performs logical and
arithmetic operations based on program instructions stored within the memory 206. The
instructions in the memory 206 may be executable to implement the methods described

herein.
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[0038] The processor 204 may comprise or be a component of a processing sysiem
implemented with one or more processors. The one or more processors may be
implemented with any combination of genecral-purpose  microprocessors.
microcontrollers, digital signal processors (DSPs), field programmable gate array
(FPGAs), programmable logic devices (PLDs), controllers, state machines, gated logic,
discrete hardware components, dedicated hardware finite state machines, or any other
suitable entities that can perform calculations or other manipulations of information.

[0039] The processing system may also include non-transitory machine-readable media
for storing softwarc. Software shall be construed broadly to mean any type of
instructions, whether referred to as software, firmware, middleware, microcode,
hardware description language, or otherwise. Instructions may include code (e.g.. in
source code format, binary code format, executable code format, or any other suitable
format of code). The instructions, when executed by the one or more processors, cause
the processing svstem to perform the various functions described herein.

[0040] The wireless device 202 may also include a housing 208 that may include a
transmitter 210 and a receiver 212 to allow transmission and reception of data between
the wircless device 202 and a remote location. The transmitter 210 and receiver 212
may be combined into a transceiver 214. An antenna 216 may be attached to the
housing 208 and electrically coupled to the transceiver 214. The wireless device 202
may also include (not shown) multiple transmitters, multiple receivers, multiple
transceivers, and/or multiple antennas, which may be utilized during MIMO
communications, for example.

[0041] The wireless device 202 may also include a signal detector 218 that may be used
in an effort to detect and quantify the level of signals received by the transceiver 214.
The signal detector 218 may detect such signals as total energy, energy per subcarrier
per symbol, power spectral density and other signals. The wireless device 202 may also
include a digital signal processor (DSP) 220 for use in processing signals. The DSP 220
may be configured to generate a data unit for transmission. In some aspects. the data
unit may comprise a physical layer convergence procedure (PLCP) protocol data unit
(PPDU). Insome aspects, the PPDU is referred to as a packet.

[0042] The wireless device 202 may further comprise a user interface 222 in some
aspects. The user interface 222 may comprise a keypad, a microphone, a speaker,

and/or a display. The user interface 222 may include any element or component that

12

663



conveys information to a user of the wireless device 202 and/or receives input from the
user.

[0043] The wireless devices 202 may further comprise a high-efficiency wircless
(HEW) component 250 in some aspects. The HEW component 250 may comprise the
AP HEWC 154 and/or the STA HEWC 156. As described herein, the HEW component
250 may cnable APs and/or STAs to use a modified mechanism that minimizes the
inefficiencies of the CSMA mechanism (for example, enables concurrent
communications over the medium in situations in which interference would not occur).
In some aspects, the AP HEWC 154 may select an EDCA parameter based on the type
of STA and/or based on the UL-MU capabilities of the STA. For example, the AP
HEWC 154 may a select one or more EDCA parameters for a first subset of STAs of a
plurality of STAs that are capable of transmitting UL-MU transmissions (e.g., STAs
operating under the 802.11ax standard) and may select a different set of one or more
EDCA parameters for a second subset of STAs of a plurality of STAs that are not
capable of transmitting UL-MU transmissions (e.g., STAs operating under the 802.11ac
or earlier standard). In some embodiments, the first subset and second subset may
comprise one or more STAs.

[0044] The various components of the wireless device 202 may be coupled together by
a bus system 226. The bus system 226 may include a data bus, for example, as well as a
power bus, a control signal bus, and a status signal bus in addition to the data bus.
Those of skill in the art will appreciate the components of the wireless device 202 may
be coupled together or accept or provide inputs to each other using some other
mechanism.

[0045] Although a number of separate components are illustrated in FIG. 2, those of
skill in the art will recognize that one or more of the components may be combined or
commonly implemented. For example, the processor 204 may be used to implement not
only the functionality described above with respect to the processor 204, but also to
implement the functionality described above with respect to the signal detector 218
and/or the DSP 220. Further, each of the components illustrated in FIG. 2 may be
implemented using a plurality of separate elements.

[0046] In a wireless network, channel access parameters can be defined to control
access to a transmission medium (e.g., a wireless network) by devices communicating

via the wireless network. A transmission medium can also be termed as a transmission
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channel. Examples of channel access parameters can include (but are not limited to)
parameters described as part of the enhanced distributed channel access (EDCA)
parameters in the 802.11 industry standard (e.g., 802.11ax). Further examples of
channel access parameters can include (but are not limited to) minimum contention
window (CWmin), maximum contention window (CWmax), transmit opportunity
(TXOP), transmission opportunity limit (TXOP limit), and arbitration inter frame space
(AIFS). which may also be part of the EDCA parameters.

[0047] Certain aspects of the present disclosure support transmitting an uplink (UL)
signal or packet 110 from multiple STAs 106 to the AP 104 or other device. In some
embodiments. the UL signal 110 may be transmitted using multi-user MIMO (MU-
MIMO). In some embodiments, the UL signal 110 may be transmitted UL- OFDMA.
Alternatively, the UL signal 110 may be transmitted in a multi-carrier FDMA (MC-
FDMA) or similar FDMA system (e.g.. OFDMA). In some aspects, the MU-
MIMO/OFDMA and MC-FDMA transmissions comprise concurrent UL transmissions
from multiple STAs 106 to the AP 104 may be referred to as more generally, UL-MU
communications or transmissions. In some embodiments, the AP 104 may define EDCA
parameters to facilitate UL-MU transmissions. The EDCA parameters may be sclected
and transmitted from the AP 104 during association/re-association (e.g., as data in an
association/re-association response message) or included in a beacon frame. In other
aspects, the AP 104 may choose to select the EDCA parameters for MU transmissions,
and not notify the STAs. In one embodiment the EDCA parameiers may be defined in
an IEEE 802.11 standard (e.g., 802.1lax). In another embodiment, the EDCA
parameter may be enhanced from that defined in an IEEE 802.11 standard by appending
one or more rules for an AP 104, a subset of STAs 106. or a type of STAs 106.

[0048] The number of wireless devices 202 within the wireless communication system
100 and contending for the same wireless medium can impact the performance of the
CSMA mechanism. As the number of devices operating within the network increases,
the CSMA mechanism may not be able to adequately support transmissions for a dense
network. In some aspects, UL-MU-MIMO or UL-OFDMA {ransmissions sent
simultaneously from multiple STAs 106 to the AP 104 may create efficiencies in
wireless communication. However, in some aspects, UL-MU-MIMO or UL-OFDMA
transmissions may also contend with CSMA based UL single user (SU) transmissions.

When there are a large number of UL-SU transmissions or accesses of the medium, the
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AP 104 will need to compete against multiple UL-SU transmissions. which could lead
to potential unfairness, decreased throughput, reduced access (and starvation in some
cases) to UL-MU transmissions. For example, referring to FIG. 1. in some aspects,
STAs 106a and 106b may transmit UL-SU signals 110a and 110b and STAs 106¢ and
106d may transmit UL-MU signals 110c and 110d. Each of the STAs 106a-d contends
for channel access to transmit UL signals 110a-d. Such contention may be based on an
EDCA parameter and/or an EDCA protocol as specified in an [EEE 802.11 standard
(c.g., 802.11ah, or 802.11ac). In some embodiments, the UL-MU signals 110c and 110d
(¢.g.. UL-MU-MIMO or UL-OFDMA transmissions) may be based on a UL-MU trigger
frame sent by the AP 104 to the STAs 106c and 106d.

[0049] In some aspects, the STAs 106¢ and 106d may be unable to transmit the high
efficiency (HE) UL-MU signals 110c¢ and 110d for an extended period of time when the
AP 104 cannot access the channel/medium due to the UL-SU signals 110a and 110b.
Also, it may be unfair for STAs that are not capable of transmitting UL-MU
transmissions (e.g., legacy STAs) if the same EDCA parameters are used for both STAs
capable and not capable of transmitting UL-MU transmissions, since only the STAs
capable of transmitting UL-MU transmissions (e.g.. scheduled mode STAs) benefit
from UL-MU transmissions.

[0050] In some embodiments, the AP 104 may limit UL SU transmission by adjusting
EDCA parameters for STAs capable of and willing for transmitting UL MU
transmissions. The AP 104 may classify the STAs based on their ability to receive
and/or transmit scheduled uplink transmissions, or UL MU transmissions. For example,
the AP 104 may classify an STA 106 whose UL frames can be both triggered by the AP
104 (e.g., via MU-MIMO, UL OFDMA or other UL-MU transmission) and sent in
legacy way into one subset, while classifving an STA 106 whose UL frames can only be
sent in a legacy way, into a second subset. However, problems may still exist because
the adjusted EDCA parameters broadcasted in existing EDCA parameter set IE in a
beacon may affect STAs not capable of or not willing for transmitting UL MU
transmissions, since they cannot identify that the carried EDCA parameters are not
intended for them. In some aspects, a STA 106 whose UL frames can be both triggered
by the AP 104 (e.g.. via MU-MIMO, UL OFDMA or other UL-MU transmission) and
sent in legacy way (e.g., UL SU frames based on CSMA) may be referred to as a

scheduled mode STA. STAs 106 whose UL frames can only be sent in SU CSMA based
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transmissions may be referred to as legacy mode STAs. For example, legacy mode
STAs may operate in non-high throughput (HT), HT. very high throughput (VHT)
modes, which do not support triggered (¢.g., MU) UL transmissions such as those
defined in the 802.11ax standard. In some aspects, 802.11ax STAs can operate in
scheduled mode or legacy mode depending on their capability and/or willingness. In
some aspects, non-802.11ax STAs can operate only in legacy mode. In some aspects,
the AP 104 may select the EDCA based on whether the AP 104 is capable of receiving
scheduled uplink transmissions, or UL MU transmissions, from the STAs 106.

[0051] Embodiments described herein relate to selecting a different EDCA protocol
and/or parameters for a first subset of STAs (e.g.. scheduled mode STAs) than for a
second subset of STAs (e.g.. legacy mode STAs). In some aspects, the different EDCA
protocol and/or parameter may comprise sctting shorter transmission opportunity
(TXOP) limits and/or a larger minimum contention window (CWmin) for scheduled
mode STAs than those set for legacy mode STAs. Embodiments described herein also
relate to options for signaling EDCA parameters for the first subset of STAs (e.g.,
scheduled mode STAs) vs. the second subset of STAs (e.g.. legacy mode STAs).

[0052] In some embodiments, the AP 104 may advertise the EDCA parameter (e.g..
CW) for the first subset of STAs (e.g., scheduled mode STAs) in a variety of ways. In
some aspects, the AP 104 may transmit an information element (IE), different from an
existing EDCA parameter set IE to carry scheduled mode EDCA parameters.

[0033] FIG. 3 illustrates an exemplary implementation of an information element (IE)
300 that may be employed within the wireless communication system 100 of FIG. 1. In
various embodiments, any device described herein, or another compatible device, may
transmit the information element 300 such as, for example, the AP 104 (FIG. 1), a STA
106a-106d (FIG. 1), and/or the wireless device 202 (FIG. 2). One or more messages in
the wireless communication system 100 may include the information element 300 such
as, for example, downlink communication 108 and uplink communication 110,

[0054] In the illustrated embodiment, the information element 300 includes an element
identification (ID) field 302, a length ficld 304, and another information field 310. The
information element 300 may include additional fields, and fields may be rearranged,
removed, and/or resized.

[0055] In some aspects, the element identifier (ID) field 302 identifies a type of

clement. The element ID field 302 shown may be one octet long. In some
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implementations, the element identifier field 302 may be two. five, or twelve octels
long. In some implementations, the element identifier ficld 302 may be of variable
length, such as varying length from signal to signal, or type of signal, and/or as between
service providers and the types of service providers.

[0056] In some embodiments, the IE 300 may comprise an IE with a unique value in the
element ID field 302 (e.g., an IE different from existing 1Es). This newly defined IE
may provide the scheduled mode EDCA parameter set to the first subset of STAs (e.g..
scheduled mode STAs). In other aspects, the IE 300 may have a non-unique element 1D
field 302 but may comprise an IE extension field (not shown), and the combination of
the element ID field 302 and the IE extension field is unique and the IE 300 can be
identified as a newly defined or unique IE for carrving the scheduled mode EDCA
parameter set to the first subset of STAs (e.g., scheduled mode STAs). For example, the
element ID field 302 may have a value of 255, which can be shared by many [Es, while
the IE extension field may have a value of 1. The combination of the 255 value in the
element ID field 302 and the value of 1 in the IE extension field may be unique to the IE
300 and indicate a unique IE not previously defined. In some aspects, the IE 300
described above may be referred to as a scheduled mode EDCA parameter set IE.

[0057] In other embodiments, the IE 300 may reuse an existing IE other than existing
EDCA parameter set IE (e.g.. HE operation IE) that includes one or more new ficlds
(not shown) to indicate that the existing IE carries EDCA parameters (c.g.. scheduled
mode EDCA parameters) for the first subset of STAs (e.g., scheduled mode STAs).

[0058] The length field 304 may be used to indicate the length of the information
element 300 or the total length of subsequent fields. The length field 304 shown in FIG.
9 may be one octet long. In some implementations, the length field 304 may be two,
five, or twelve octets long. In some implementations, the length field 304 may be of
variable length, such as varying length from signal to signal, or tvpe of signal, and/or as
between service providers and the types of service providers.

[0059] The other information field 310 may be used to indicate other information of the
information element 300 other than the element ID or length. In some aspects, the size
and number of fields included in the other information field 310 may be based on the
value of the element ID field 302 and/or the length field 304. For example, the element
ID field 302 may indicate a very high throughput (VHT) information element and the
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other information field 310 may include VHT operation information such as channel
width and/or channel center frequency.

[0060] In some embodiments, the AP 104 may include the IE 300 in
management/action frames, which can be sent in a broadcast/multicast/unicast
transmission. In some aspects, the IE 300 described above may be transmitted such that
the second subset of STAs (i.e.. non-11ax legacy mode STAs) is unable to understand
the IE 300 because of the unrecognized unique element ID field 302, unique
combination of the element ID field 302 and element ID extension, or one or more
ficlds including the EDCA parameters for the first subset of STAs (e.g.. scheduled mode
STAs). In some aspects, the first subset of STAs (i.e. scheduled mode STAs) may be
able to decode the 1E 300 and follow the new EDCA parameters included in the IE 300.
In other aspects, the second subset of STAs (i.e. 1lax legacy mode STAs) may decode
the IE 300 and determine to ignore the unintended IE 300, and may determine (o
continue to operate in legacy mode and follow legacy IE EDCA parameters.

[0061] FIG. 4 illustrates an exemplary implementation of an EDCA parameter set
information element 400. In some aspects, the AP 104 may transmit the EDCA
parameter set element 400 to advertise the EDCA parameter. The EDCA parameter set
IE element 400 includes an element identifier (ID) field 302, a length field 304, and an
EDCA parameter field 410. In some aspects, the EDCA parameter field 410 indicates an
EDCA parameter used for CSMA based SU transmission from scheduled mode STAs.
For example, the EDCA parameter field 410 may include an indication of a CW size
used for CSMA based SU transmission from scheduled mode STAs.

[0062] In some embodiments, the AP 104 may signal scheduled mode EDCA
parameters to the first subset of STAs (e.g., scheduled mode STAs) by transmitting the
EDCA parameter set IE 400 in a physical layer convergence procedure (PLCP) protocol
data unit (PPDU) that is only decodable by the first subset of STAs. For example, the
AP 104 may transmit an EDCA [E in an 802.11ax PPDU to carry the scheduled mode
EDCA parameters. The 802.11ax PPDUs can be broadcasted/multicasted/unicasted by
the AP 104, and cannot be understood/decoded by the second subset of STAs (e.g..
legacy mode STAs). The second subset of STAs (e.g., legacy mode STAs) may then
ignore the 802.11ax PPDU and only follow EDCA IEs sent in legacy or non-802.11ax
PDDUs.

18

669



[0063] In some aspects, the EDCA parameter set IE 400 included in the 802.11ax
PPDU may only carry scheduled mode EDCA parameters. In this embodiment, the
EDCA parameters should onlv be used by the first subset of STAs (e.g., scheduled
mode STAs). The second subset of STAs (e.g.. legacy mode STAs) should ignore it and
only follow existing IE in non-11ax PPDU. In other aspects, the EDCA parameter set IE
400 included in the 802.11ax PPDU may signal cither scheduled mode or legacy mode
EDCA parameters. In this embodiment, an indicator can be added in the EDCA
parameter set IE 400 to indicate if it is for scheduled or legacy mode EDCA, e.g. by
using a reserved bit in EDCA parameter set [E 400 (not shown).

[0064] In some embodiments, the AP 104 may signal scheduled mode EDCA
parameters to the first subset of STAs (e.g., scheduled mode STAs) by transmitting the
EDCA parameter set IE 400 in a physical layer convergence procedure (PLCP) protocol
data unit (PPDU) that is decodable by both the first subset of STAs (scheduled mode
STAs) and the second subset of STAs (e.g.. legacy mode STAs). For example. the AP
104 may transmit an EDCA IE in an 802.11ac (or older) PPDU to carry the scheduled
mode EDCA parameters. In these implementations, the AP 104 may multicast or unicast
the EDCA parameter set IE 400 carrying scheduled mode EDCA parameters only to the
first subset of STAs (e.g., scheduled mode STAs). The second subset of STAs (e.g.,
legacy mode STAs) will not receive the PPDU including the EDCA parameter set [E
400 due to the recipient address. In some aspects. the frame types that are available to
unicast or multicast the EDCA parameter set IE 400 may be defined in an 802.11
standard (e.g.. 802.11ax).

[0065] In some aspects, the AP 104 may also broadcast the EDCA parameter set IE 400
carrying EDCA parameters for the second subset of STAs (e.g., legacy mode EDCA
parameters). In these implementations. it may be desirable for certain methods to
prevent EDCA parameters for the first subset of STAs (e.g., scheduled mode STAs)
from being overwritten by the legacy mode EDCA parameters included in the EDCA
parameter set IE 400. In some aspects. the first subset of STAs (e.g., scheduled mode
STAs) may pre-programmed to know that broadcasted EDCA is only for legacy mode
STAs (e.g.. predefined in the 802.11 standard), and should be ignored by scheduled
mode STAs. In other aspects, an indicator may be added in the broadcasted EDCA
parameter set [E 400 to tell first subset of STAs (e.g., scheduled mode STAs) if they
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should ignore the EDCA parameter set IE 400 or not. For example, the indicator may
comprise one or more reserved bits (not shown) in the EDCA parameter set IE 400.

[0066] In some embodiments, a STA 106 may derive scheduled mode EDCA
parameters based on legacy mode EDCA parameters. For example, a scheduled mode
EDCA parameter (e.g., CWmin) may be a defined offset from the value of the EDCA
parameter (CWmin) in legacy mode. In some aspects, the derivation from legacy to
scheduled mode EDCA can be based on a default relation defined in 802.11 standards.
In some aspects, the AP 104 may send out an updated relation, such as in a beacon
message.

[0067] In some embodiments. the AP 104 may broadcast the EDCA parameter set 1E
400 with encryption to carry EDCA parameters (e.g., scheduled mode EDCA
parameters) for the first subset of STAs (e.g., scheduled mode STAs). The broadcasted
EDCA parameter set IE 400 information is encrypted and can be carried in non-
802.11ax PPDUs. In some aspects. the AP 104 may only provide the encryption key to
the first subset of STAs (e.g.. scheduled mode STAs) which can then decrypt the EDCA
parameter set IE 400, while the second subset of STAs (e.g.. legacy mode STAs)
cannot.

[0068] In some embodiments, the AP 104 may send the EDCA parameter set [E 400 in
dedicated resources to carry scheduled mode EDCA parameters. For example, the AP
104 may send the EDCA parameter set IE 400 in dedicated resources (e.g.
time/frequency/spatial streams), which can only be received by the first subset of STAs
(e.g., scheduled mode STAs). In one aspect, the AP 104 may reserve a frequency
channel outside of a non-802.11ax STA operating frequency range. and sends the
EDCA parameter set IE 400 carrying scheduled mode EDCA parameters. The first
subset of STAs (e.g.. scheduled mode STAs) may then tune to the reserved channel to
receive the scheduled mode EDCA parameters,

[0069] In other embodiments, default EDCA parameters can be standardized for the
first subset of STAs (e.g.. scheduled mode STAs). In some aspects, the scheduled mode
STAs will use these default EDCA parameters if they do not receive any EDCA
parameters intended for them based on any rule. In some aspects, the default scheduled
mode EDCA parameters could be defined as those for the background access class (AC)

for legacy mode EDCA parameters.
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[0070] In some embodiments, the EDCA parameter set IE 400 may carry an indicator
forbidding CSMA based SU UL transmissions. In some aspects, the indicator can be a
reserved EDCA parameter value (e.g.. CWmin=1023 means forbidding CSMA based
SU UL Tx for corresponding access category (AC)). In some aspects, the indicator can
use new bit(s) in additional to signaled EDCA parameters. In other aspects, the indicator
may also specify additional conditions for it to be applied (e.g.. forbiddance is only
applied to certain traffic identifiers (TIDs), access categories (ACs), info types (e.g.
buffer status report), frame types (e.g. control frames), operation modes (e.g. SU UL
MIMO Tx), STA states (¢.g. unassociated or associated)).

[0071] In some aspects, the AP 104 may decide to use the EDCA parameter set [E 400
for both legacy and scheduled mode STAs, even if a new IE can be defined and used to
signal scheduled mode EDCA as described above with respect to FIG. 3. For example,
in order to save signaling overhead, the AP 104 may decide to use same EDCA
parameters for both groups of STAs (e.g.. both scheduled and legacy mode STA types)
when the system 100 is lightly loaded. In this case, an indicator can be added in the
EDCA parameter set IE 400 to tell scheduled mode STAs if they should ignore the
EDCA parameter set [E 400 or not. For example, the indicator may comprise a reserve
bit in the EDCA parameter set IE 400 (not shown). Alternatively, a predefined rule can
be used in the 802.11 to tell scheduled mode STAs to use the EDCA parameter set 1E
400 if only the EDCA parameter set IE 400 presents in certain frame types (e.g.
beacons. probe/association response). If decoding a unique IE with EDCA parameters
for the first group (e.g.. IE 300) in those frame types., the first subset of STAs (e.g.,
scheduled mode STAs) should update their EDCA parameters based on EDCA
parameters for the first group.

[0072] Embodiments described herein also relate to selecting whether a STA 106
should operate in either scheduled or legacy mode. Generally, the first subset of STAs
(e.g., scheduled mode STAs) should use scheduled mode EDCA parameters if they are
capable of being scheduled by the AP 104 for UL transmission (e.g., UL-MU capable).
In some aspects, an EDCA selection decision maker (DM) could be the STA 106 or AP
104, which will decide if the STA 106 should use scheduled or legacy mode EDCA
parameters. The DM may decide to use scheduled mode EDCA parameters for the STA
106 based on a number of criterion options. For example, the DM may make its

determination based on the capabilities of the STA 106. In these aspects, the DM
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decides to use scheduled mode EDCA parameters if both the AP 104 and STA 106 have
the capability to perform certain types of scheduled UL transmission, e.g. UL MU-
MIMO, UL OFDMA. In some aspects, the STA 106 can know the AP 104 capability
based on info in the AP 104’s broadcast or probe/association responses. In some
aspects, the AP 104 can know the STA 106’s capability based on info in the STA 106°s
probe/association requests.

[0073] In other embodiments, the DM may make its determination based on whether
legacy mode transmission results satisfy a performance characteristic. For example, the
DM decides to use scheduled mode EDCA parameters if the STA 106°s legacy mode
transmissions have had poor performance. In one example, if the STA 106 is sending
less than X frames in Y sec, the STA 106 using legacy mode EDCA may switch to
scheduled mode EDCA and terminate backoff for legacy mode transmissions.

[0074] In some embodiments, the DM may make its determination based whether on
scheduled mode transmission results satisfy a performance characteristic. In some
aspects, the DM decides to use scheduled mode EDCA parameters only after successful
scheduled UL transmissions (e.g.., DL ACK is sent or received for the corresponding
scheduled UL transmission). This process may verify that both sides indeed have the
scheduled mode capability. In some aspects, the STA 106 may use legacy mode EDCA
parameters prior to a successful scheduled mode transmission.

[0075] If the STA 106 is the DM, it may inform the AP 104 of its EDCA selection
decision in a number of ways. In some aspects, the STA 106 may use implicit signaling.
For example, a rule may be defined in the standard such that both the AP 104 and the
STA 106 will run the same EDCA selection criterion. In this implementation, the AP
104 will know the STA 106°s decision without being informed by the STA 106. In some
aspects, the 802.11 standard defines a rule that the STA 106 should use scheduled mode
EDCA parameters if both the AP 104 and the STA 106 support scheduled mode UL
transmissions. Therefore, the AP 104 may implicitly know STA 106°s decision by
checking the STA 1067s capability without additional signaling. In some aspects. the
EDCA sclection criterion may be standardized or broadcasted by the AP 104 if there are
multiple options, so both the AP 104 and the STA 106 will use same criterion.

[0076] In some embodiments, the STA 106 may use explicit signaling to inform the AP
104 of its EDCA selection decision. For example, the STA 106 may send an indicator to

explicitly inform the AP 104 the STA 106’s EDCA selection decision. In one aspect, the
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indicator may comprise a 1-bit indicator in an existing Receiver Operation Mode
Indicator (ROMI) HE control field, in a defined EDCA Operation HE control field, in
an uplink multi-user disable field in an Operation Mode Indicator (OMI) A-control ficld
included in a frame sent to the access point, or in certain management frames, e.g., a
probe/association request. In some aspects, the indicator can be the STA 106’s buffer
status report, implying it wants to use scheduled mode EDCA parameters. In other
aspects, the indicator may also specify additional conditions to use the selected EDCA
parameters (e.g., only use for certain TIDs, info types (e.g. buffer status report), frame
tvpes (e.g. control frames), operation modes (c.g. SU UL MIMO Tx), STA states (e.g.
unassociated or associated)). In some aspects, after receiving the indicator, the AP 104
may approve/reject/revise the EDCA selection decision and/or additional conditions.

[0077] If the AP 104 is the DM, it may inform the STA 106 of its EDCA selection
decision in a number of ways. In some aspects, the AP 104 may use implicit signaling to
inform the STA 106. For example. the AP 104 may only send the STA 106 the EDCA
IE designated for the first subset of STAs (e.g., scheduled mode STAs) or the second
subset of STAs (e.g., legacy mode STAs) in certain frame types (e.g.. not send both). In
some aspects, the AP 104 may only send the EDCA IE for scheduled mode STAs in
probe/association responses or action frames to implicitly inform the STA 106 to use
scheduled mode EDCA parameters.

[0078] In some embodiments, the AP 104 may use explicit signaling to inform the STA
106 of its EDCA selection decision. For example. the AP 104 sends an indicator to
explicitly inform the STA 106 of the AP 104 EDCA selection decision. In some aspects,
the indicator comprises a 1-bit indicator in a potential EDCA configuration HE control
field. In other aspects, the indicator may also specify additional conditions to use the
selected EDCA parameters, (e.g., only use for certain TIDs, info types (e.g. buffer status
report), frame types (e.g. control frames), operation modes (e.g. SU UL MIMO Tx),
STA states (e.g. unassociated or associated)). After receiving the indicator, the STA 106
may approve/reject/revise the EDCA selection decision and/or additional conditions.

[0079] Additionally, embodiments described herein also relate to options allowing the
first subset of STAs (e.g.. scheduled mode STAs) to transition from operating in
scheduled mode to operating in legacy mode. In some aspects, a scheduled mode STA
106 may revert back to legacy mode EDCA parameters if selecting scheduled mode

EDCA parameters gives poor performance. In these aspects, the fallback to legacy mode
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may then provide better performance for the scheduled mode STA 106 and increase
throughput. In some aspects, poor performance can be determined by determining that
the STA 106 (with buffered data) is not scheduled for UL transmission after “X”
seconds. For example, if the AP 104 does not receive an immediate response from the
STA 106 to the indicator informing the STA 106 of the AP 104 EDCA selection
decision, then the AP 104 may change the previously selected EDCA parameter, or
select a second EDCA parameter. In either case, the AP 104 may send an indicator to
explicitly inform the STA 106 of the AP 104 subsequent EDCA selection decision. In
some aspects the immediate response may refer to a window of time lasting “X”
seconds. In another example, a second EDCA parameter may be selected based on a
time elapsed since receiving the immediate response from the STA 106 in response o
the indication transmitted to the STA 106 from the AP 104, In some aspects, poor
performance can be determined by determining that the STA’s 106 non-scheduled
transmission fails for “Y™ attempts. For example, the AP 104 may change the
previously selected EDCA parameter, or select a second EDCA parameter, based on a
previous transmission that fails from the second wireless device to the first wireless
device. In some aspects, poor performance can be determined by determining that the
STA 106 is not scheduled after sending the indicator, or UL scheduling request, e.g.,
buffer status report, for “Z” times, where “Z” may refer to a number of times the
indicator is sent. For example, if the AP 104 transmits the indicator to the STA 106 “Z”
times, and the STA 106 does not provide a response, then the AP 104 may select a new
EDCA or change the current EDCA.

[0080] In some aspects, the values of X, Y, and Z described above may be determined
in a number of ways. In some aspects, the values of X. Y, and Z may be defined in
standards (c.g., 802.11 standards). In some aspects, the values of X, Y, and Z are
determined by the AP 104 and sent by the AP 104 to the STA 106, The AP 104 may
determine X/Y/Z based on estimated scheduling latency for intended STAs 106, c.g. X
may increase for higher load. In some aspects. the AP 104 may
broadcast/multicast/unicast X/Y/Z to intended STAs 106. In some aspects, the values of
X, Y. and Z are determined by the STA 106. In some embodiments, the STA 106 may
determine and update X/Y/Z based on latency requirement of its traffics. In some
aspects, the STA 106 may piggyback X/Y/Z onto its frames, ¢.g.. buffer status report. In

some aspects, the values of X, Y, and Z are determined based on negotiation between
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the AP 104 and the STA 106. For example, one side can send suggested X/Y/Z to the
other, which can further accept/reject/revise it.

[0081] In some embodiments. the first subset of STAs (e.g.. scheduled mode STAs) can
have a timer/counter to count X/Y/Z. In some aspects, the STA 106 may reset
timer/counter to zero based on one or more conditions. For example, the STA 106 may
reset timer/counter to zero after the STA 106 knows to use scheduled mode EDCA (c.g..
decision made by the AP 104 or the STA 106). In other aspects, the STA 106 may reset
timer/counter to zero after the STA 106 wakes up. In other aspects, the STA 106 may
reset timer/counter to zero after the STA 106 receives trigger frame scheduling for its
UL transmission. In other aspects, the STA 106 may reset timer/counter to zero after the
STA 106 trigger frame scheduling for any UL transmission. The trigger frame could be
a trigger frame that triggers UL OFDMA random access. In other aspects, the STA 106
may reset timer/counter to zero after the STA 106 transmits a scheduled UL
transmission, or transmits a scheduled UL transmission and gets an ACK message. In
other aspects, the STA 106 may reset timer/counter to zero after the STA 106 transmits
a non-scheduled UL transmission, or transmits a non-scheduled UL transmission and
gets an ACK message. In addition, the AP 104 may send a “fallback forbiddance™
indicator to forbid fallback to legacy mode EDCA. The AP 104 may
broadcast/multicast/unicast this indicator to intended STAs 106. The STAs 106
receiving the indicator may not revert back to legacy mode EDCA parameters after
receiving this indicator.

[0082] In some embodiments, fallback to legacy mode EDCA may be restricted to
certain traffics. For example, the STA 106 may use legacy mode EDCA for some
traffics and other traffics may still use scheduled mode EDCA. In some aspects, traffic
restriction may be only applied to certain traffic/info types, or TIDs. For example, only
voice and buffer status report can be sent in legacy mode EDCA. In some aspects,
traffic restriction may be only applied to certain frame types. For example, only control
frames can be sent in legacy mode EDCA. In some aspects, traffic restriction may be
only applied to TIDs not scheduled for X seconds. In this case, the fallback decision is
per TID, and the STA 106 needs a timer per TID to decide if fallback should occur for
cach TID.

[0083] FIG. 5 shows a flow chart of an implementation of a method 500 of wireless

communication in a wireless communication system. The method 500 may be used to
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generate and/or transmit any of the EDCA parameters, the information element 300, or
EDCA parameter set [E 400 described in connection with FIGs. 3-4. In some aspects,
the EDCA parameters, the information element 300, or EDCA parameter set IE 400
may be transmitted by the AP 104. In addition, the wireless device 202 shown in FIG. 2
may represent a more detailed view of the AP 104 or STA 106, as described above.
Thus, in one implementation, one or more of the steps in method 500 may be performed
by, or in connection with, a processor and/or transmitter, such as the processor 204,
transmitter 210, and HEW component 250 of FIG. 2, although those having ordinary
skill in the art will appreciate that other components may be used to implement one or
more of the steps described herein. Although the method steps may be described as
occurring in a certain order, the steps can be reordered, omitted, and/or additional steps
may be added.

[0084] At block 502, the method 500 may include selecting, at an access point, an
enhanced distributed channel access (EDCA) parameter for a first subset of stations of a
plurality of stations, the first subset of stations capable of transmitting multi-user uplink
transmissions. Such selecting may be performed by the processor 204 or the HEW
component 250 of the wireless device 202 shown in FIG. 2. At block 504, the method
500 may include generating an information element including the EDCA parameter. For
example, the AP 104 may generate the information element 300 or the EDCA parameter
set IE 400. Such generating may be performed by the processor 204 or the HEW
component 250 of the wireless device 202 shown in FIG. 2. At block 506, the method
500 may include transmitting the information element such that the information element
is decodable by the first subset of stations and not by a second subset of stations of the
plurality of stations. Such transmitting may be performed by the transmitter 210 of the
wireless device 202 shown in FIG. 2.

[0085] The various operations of methods described above may be performed by any
suitable means capable of performing the operations, such as various hardware and/or
software component(s). circuits, and/or module(s). Generally, any operations illustrated
in the Figures may be performed by corresponding functional means capable of
performing the operations.

[0086] The various illustrative logical blocks, modules and circuits described in
connection with the present disclosure may be implemented or performed with a general

purpose processor, a digital signal processor (DSP). an application specific integrated
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circuit (ASIC). a field programmable gate array signal (FPGA) or other programmable
logic device (PLD). discrete gate or transistor logic, discrete hardware components or
any combination thereof designed to perform the functions described herein. A general
purpose processor may be a microprocessor, but in the alternative, the processor may be
any commercially available processor, controller, microcontroller or state machine. A
processor may also be implemented as a combination of computing devices, e.g.. a
combination of a DSP and a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core, or any other such configuration.
[0087] In one or more aspects. the functions described may be implemented in
hardware. software. firmware, or any combination thereof. If implemented in software,
the functions may be stored on or transmitied over as one or more instructions or code
on a computer-readable medium. Computer-readable media includes both computer
storage media and communication media including any medium that facilitates transfer
of a computer program from one place to another. A storage media may be any
available media that can be accessed by a computer. By way of example, and not
limitation, such computer-readable media can comprisc RAM, ROM, EEPROM, CD-
ROM or other optical disk storage, magnetic disk storage or other magnetic storage
devices, or any other medium that can be used to carry or store desired program code in
the form of instructions or data structures and that can be accessed by a computer. Also,
any connection is properly termed a computer-readable medium. For example, if the
software is transmitted from a websile, server. or other remote source using a coaxial
cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or wireless
technologies such as infrared, radio, and microwave, then the coaxial cable, fiber optic
cable, twisted pair. DSL. or wireless technologies such as infrared, radio, and
microwave are included in the definition of medium. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy
disk and blu-ray disc where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Thus, in some aspects computer readable medium
may comprise non-transitory computer readable medium (e.g.., tangible media). In
addition, in some aspects computer readable medium may comprise transitory computer
readable medium (e.g.. a signal). Combinations of the above should also be included

within the scope of computer-readable media.
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[0088] The methods disclosed herein comprise one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged
with one another without departing from the scope of the claims. In other words, unless
a specific order of steps or actions is specified, the order and/or use of specific steps
and/or actions may be modified without departing from the scope of the claims.

[0089] The functions described may be implemented in hardware, software, firmware or
any combination thereof. If implemented in software, the functions may be stored as
one or more instructions on a computer-readable medium. A storage media may be any
available media that can be accessed by a computer. By way of example, and not
limitation, such computer-readable media can comprise RAM. ROM, EEPROM. CD-
ROM or other optical disk storage. magnetic disk storage or other magnetic storage
devices, or any other medium that can be used to carry or store desired program code in
the form of instructions or data structures and that can be accessed by a computer. Disk
and disc, as used herein, include compact disc (CD). laser disc, optical disc, digital
versatile disc (DVD), floppy disk. and Blu-ray® disc where disks usually reproduce
data magnetically, while discs reproduce data optically with lasers.

[0090] Thus. certain aspects may comprise a computer program product for performing
the operations presented hercin. For example, such a computer program product may
comprise a computer readable medium having instructions stored (and/or encoded)
thereon, the instructions being executable by one or more processors to perform the
operations described herein. For certain aspects, the computer program product may
include packaging material.

[0091] Software or instructions may also be transmitted over a transmission medium.
For example, if the software is transmitted from a website, server, or other remote
source using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line
(DSL). or wireless technologies such as infrared, radio. and microwave, then the coaxial
cable, fiber optic cable, twisted pair, DSL, or wireless technologies such as infrared,
radio, and microwave are included in the definition of transmission medium.

[0092] Further, it should be appreciated that modules and/or other appropriate means
for performing the methods and techniques described herein can be downloaded and/or
otherwise obtained by a user terminal and/or base station as applicable. For example,
such a device can be coupled to a server to facilitate the transfer of means for

performing the methods described herein. Alternatively, various methods described
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herein can be provided via storage means (e.g.. RAM. ROM, a physical storage medium
such as a compact disc (CD) or floppy disk, etc.), such that a user terminal and/or base
station can obtain the various methods upon coupling or providing the storage means to
the device. Moreover, any other suitable technique for providing the methods and
techniques described herein to a device can be utilized.

[0093] It is to be understood that the claims are not limited to the precise configuration
and components illustrated above. Various modifications, changes and variations may
be made in the arrangement, operation and details of the methods and apparatus
described above without departing from the scope of the claims.

[0094] While the foregoing is directed to aspects of the present disclosure, other and
further aspects of the disclosure may be devised without departing from the basic scope

thereof, and the scope thereof is determined by the claims that follow.
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WE CLAIM:

1. A method for selecting channel access parameters for communication in
a network, the method comprising selecting, at a first wireless device, an enhanced
distributed channel access (EDCA) parameter for communication with a second
wireless device, wherein selecting the EDCA parameter is based on:
a capability of the first wireless device to receive scheduled uplink
transmissions. and
a capability of the second wireless device to transmit multi-user uplink

(ransmissions.

2 The method of claim 1, wherein the first wireless device is one of an
access point and a station, and wherein the second wireless device is the other one of

the access point and the station.

3. The method of claim 1, further comprising:

transmitting an indication of the selected EDCA parameter to the second
wireless device,

determining whether the sclected EDCA parameter satisfies a
performance characteristic, and
when the selected EDCA fails to satisfy the performance characteristic,

selecting a second EDCA parameter.

4. The method of claim 3, wherein selecting the second EDCA parameter is
based on a previous transmission from the second wircless device to the first

wireless device.

5. The method of claim 3, wherein selecting the second EDCA parameter is
based on receiving an immediate response to the indication transmitted to the second

wireless device.

6. The method of claim 3, wherein selecting the second EDCA parameter is

based on failure to receive a response from the second wircless device after
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transmitting an indication of the selection of the EDCA parameter to the second

wireless device a number of times.

7. The method of claim 1, further comprising generating an information
clement, the information element comprising a variable length of bits, wherein the
variable length of bits is based on at least one of a type of signal and a service

provider.

8. The method of claim 1. wherein selecting the EDCA parameter further
comprises selecting the EDCA parameter based on a tyvpe of the second wireless

device.

9. The method of claim 1, further comprising classifving the second
wireless device into a subset of wireless devices, the subset of wireless devices
being one of a plurality of subsets of wireless devices, wherein the classification is
based on a type of the second wireless device and a multi-user uplink capability of

the second wireless device.

10.  The method of claim 9, further comprising selecting, at the first wireless
device, the EDCA parameter for communication with the second wireless device

based on the subset of wireless devices.

11. The method of claim 1, wherein the EDCA parameter comprises at least
one of a minimum contention window (CWmin), a maximum contention window
(CWmax), a transmit opportunity (TXOP), a transmission opportunity limit (TXOP

limit), and an arbitration inter frame space (AIFS).

12. The method of claim 1, wherein the first wireless device appends one or

more rules for the first wireless device to the EDCA parameter.
13. The method of claim 1. wherein the second wireless device is triggered

by the first wireless device via the multi-user uplink transmissions to send a single-

user uplink transmission.
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14. The method of claim 13, wherein the second wireless device operates in

at least one of a non-high throughput mode and a very high throughput mode.

15. The method of claim 1, further comprising advertising, by the first
wireless device, the EDCA parameter via an information clement, wherein the
information element includes at least one of an element identification field. a length

field. another information field. and an extension field.

16. An apparatus for wireless communication, comprising;

a processing system configured to select. at a first wireless device, an
enhanced distributed channel access (EDCA) parameter for communication with
a second wireless device, wherein selecting the EDCA parameter is based on:

a capability of the first wireless device to receive scheduled
uplink transmissions uplink transmissions, and
a capability of the second wireless device to transmit multi-user

uplink transmissions.

17. The apparatus of Claim 16, further comprising a transmitter configured
to transmit an indication of the selection of the EDCA parameter to the second

wireless device.

18.  The apparatus of claim 16, wherein the processing system is further
configured to select the EDCA parameter based on a capability of the first wireless
device to receive scheduled uplink transmissions uplink transmissions and a

capability of the second wireless device to transmit multi-user uplink transmissions,
19. The apparatus of claim 16, wherein selecting the EDCA parameter
further comprises selecting the EDCA parameter based on a type of the second

wireless device.

20. The apparatus of claim 16, wherein the processing svstem is further

configured to classify the second wireless device into a subset of wireless devices,
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the subset of wireless devices being one of a plurality of subsets of wireless devices,
wherein the classification is based on a type of the second wireless device and a

multi-user uplink capability of the second wireless device.

21, The apparatus of claim 20, wherein the EDCA parameter is sclected

based on the subset of wireless devices.

22, The apparatus of claim 16, wherein the EDCA parameter comprises at
least one of a minimum contention window (CWmin), a maximum contention
window (CWmax), a transmit opportunity (TXOP), a transmission opportunity limit

(TXOP limit), and an arbitration inter frame space (AIFS).

23, The apparatus of claim 16, wherein the first wireless device appends one

or more rules for the first wireless device to the EDCA parameter.

24.  The apparatus of claim 16, wherein the second wireless device is
triggered by the first wireless device via the multi-user uplink transmissions to send

a single-user uplink transmission.

25.  The apparatus of claim 24, wherein the second wireless device operates

in at least one of a non-high throughput mode and a very high throughput mode.

26.  The apparatus of claim 16, wherein the processing system is further
configured to advertise, by the first wireless device. the EDCA parameter via an
information element, wherein the information element includes at least one of an
element identification field. a length ficld. another information ficld, and an

extension field.

27. A non-transitory computer-readable medium comprising code that, when
executed, causes an apparatus to select. at a first wireless device, an enhanced
distributed channel access (EDCA) parameter for communication with a second
wireless device. wherein selecting the EDCA parameter is based on:

a capability of the first wircless device to receive scheduled uplink
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transmissions, and
a capability of the second wireless device to transmit multi-user uplink

transmissions.

28. The non-transitory computer-readable medium of claim 27, further
comprising code that, when executed, causes the apparatus to advertise, by the first
wireless device, the EDCA parameter via an information element, wherein the
information element includes at least one of an element identification ficld, a length

field, another information field, and an extension ficld.

29. The non-transitory computer-readable medium of claim 27, further
comprising code that, when executed, causes the apparatus to transmit an indication
of the selection of the EDCA parameter to the second wireless device.

30. The non-transitory computer-readable medium of claim 27, further
comprising code that, when executed, causes the apparatus to classify the second
wireless device into a subset of wireless devices. the subset of wireless devices
being one of a plurality of subsets of wireless devices. wherein the classification is
based on a type of the second wireless device and a multi-user uplink capability of

the second wireless device.

Dated this 5" day of June 2018

{ﬁmgﬁ%

Archana Shanker
Of Anand and Anand Advocates
Agent for the Applicant
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ABSTRACT

METHODS AND APPARATUS FOR SELECTING ENHANCED DISTRIBUTED
CHANNEL ACCESS PARAMETERS FOR DIFFERENT STATIONS

In some aspects. a method for configuring channel access parameters in a
wireless communication system includes determining, at an access point, an enhanced
distributed channel access (EDCA) parameter for a first subset of stations of a plurality
of stations, the first subset of stations capable of transmitting multi-user uplink
transmissions. The method further includes generating an information element including
the EDCA parameter. The method further includes transmitting the information element
such that the information element is decodable by the first subset of stations and not by

a second subset of stations of the plurality of stations.

REFER TO FIGURE 1
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RESPONSE TO OFFICE ACTION

Sir:

This paper is timely submitted in response to the non-Final Office Action mailed on June

23, 2020 for the subject application. Please amend the application as follows and consider the

Remarks/Arguments set forth below.

Amendments to the Claims begin on page 2 of this paper.

Remarks/Arguments begin on page 6 of this paper.

All Amendments and Remarks/Arguments are made without prejudice or disclaimer.
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AMENDMENTS TO THE CLAIMS

Please amend the claims to read as indicated in the following list of claims:

Listing of claims
1-20. (Canceled).

21. (Currently Amended) A wireless communication terminal that wirelessly
communicates with a base wireless communication terminal, the wireless communication
terminal comprising:

a transceiver; and

a processor,

wherein the processor is configured to:

transmit, to the base wireless communication terminal, a trigger-based physical layer
protocol data unit (PPDU) using the transceiver,

switch a parameter set, which is a set of parameters used for the channel access, from a
first parameter set to a second parameter set based on whether the base wireless communication
terminal triggers a multi-user uplink transmission participation of the wireless communication
terminal,

when a MAC protocol data unit (MPDU) included in the trigger-based PPDU does not

request an immediate response, set a second parameter set timer for an access category of the

MPDU when the transmission of the trigger-based PPDU ends.

when the MPDU included in the trigger-based PPDU requests the immediate response,

set the second parameter set timer for the access category of the MPDU for which immediate

response 1s received,

 MPDU - ineluded-ind . , | PRPDUSs el
when the second parameter set timer expires, terminate an application of the second
parameter set, and
access a channel according to a priority of data to be transmitted to the base

communication terminal by the wireless communication terminal and the parameter set.

Page 2 of 12
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22-25. (Canceled).

26. (Previously Presented) The wireless communication terminal of claim 21, wherein the

MPDU included in the trigger-based PPDU is a QoS data frame.

27. (Previously Presented) The wireless communication terminal of claim 21, wherein the
processor is configured to receive a beacon frame from the base wireless communication
terminal and obtain information indicating a period of the second parameter set timer from the

beacon frame.

28. (Previously Presented) The wireless communication terminal of claim 21, wherein
when switching the parameter set from the first parameter set to the second parameter set, the

processor is configured to set the second parameter set timer.

29. (Previously Presented) The wireless communication terminal of claim 21, wherein the
processor is configured to calculate a random integer value within a contention window (CW),

set a backoff timer based on the random integer value, and

access the channel based on the back off timer and a predetermined slot time,

wherein the parameter set comprises a minimum value (CWmin) of the CW and a

maximum value (CWmax) of the CW.

30. (Previously Presented) The wireless communication terminal of claim 21, wherein the
processor is configured to calculate a random integer value in a contention window (CW),

set a backoff timer based on the random integer value,

access the channel based on the back off timer and a predetermined slot time, and

if a value of the CW is greater than the maximum value (CWmax) of the CW according

to a priority of the data to be transmitted, sets the value of the CW to the CWmax.

31. (Previously Presented) The wireless communication terminal of claim 21, wherein the

processor is configured to operate a plurality of queues that are classified according to an access
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category of data stored in a queue and performs backoff procedure of accessing a channel based
on a time corresponding to a backoff timer in each of the plurality of queues, and

when there is no data stored in the queue and the backoff timer corresponding to the
queue is 0, perform no operation at a slot boundary of the backoff timer,

wherein the backoff timer is set based on a random integer value calculated in a

contention window (CW), and is reduced when the channel is idle for a predetermined slot time.

32. (Previously Presented) The wireless communication terminal of claim 31, wherein
when there is no data stored in the queue and the backoff timer corresponding to the queue is 0,

the processor is configured to maintain the backoff timer to be 0.

33. (Currently Amended) An operation method of a wireless communication terminal that
wirelessly communicates with a base wireless communication terminal, the method comprising:

transmitting a trigger-based physical layer protocol data unit (PPDU) to the base wireless
communication terminal using the transceiver;

switching a parameter set, which is a set of parameters used for the channel access, from
a first parameter set to a second parameter set based on whether the base wireless
communication terminal triggers a multi-user uplink transmission participation of the wireless
communication terminal;

when a MAC protocol data unit (MPDU) included in the trigger-based PPDU does not

request an immediate response, setting a second parameter set timer for an access category of the

MPDU when the transmission of the trigger-based PPDU ends:

when the MPDU included in the trigger-based PPDU requests the immediate response,

setting the second parameter set timer for the access category of the MPDU for which immediate

response is received:

when the second parameter set timer expires, terminating an application of the second
parameter set;
accessing a channel according to a priority of data to be transmitted to the base wireless

communication terminal and the parameter set; and
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transmitting the data through the channel.

34-37. (Canceled).

38. (Previously Presented) The method of claim 33, wherein the MPDU included in the
trigger-based PPDU is a QoS data frame.

39. (Previously Presented) The method of claim 33, the method further comprising:
receiving a beacon frame from the base wireless communication terminal; and
obtaining information indicating a period of the second parameter set timer from the

beacon frame.
40. (Previously Presented) The method of claim 33, wherein the switching the parameter
set from the first parameter set to the second parameter set comprises

setting the second parameter set timer when the switching the parameter set from the first

parameter set to the second parameter set.

Page 5 of 12
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REMARKS/ARGUMENTS

The following Remarks/Arguments are in response to the non-Final Office Action mailed

on June 23, 2020 (hereinafter “Office Action™) for the subject application. Pending in the
application are claims 21-40.

In the Office Action, claims 21-23, 26-28, 33-35 and 38-40 stand rejected under 35 U.S.C.
§103 as allegedly being obvious over U.S. Patent Application Publication No. 2017/0325264
(hereinafter “Cherian™) in view of IEEE 802.11-16/1 180r (hereinafter “IEEE™). Claims 21, 22,
24, 25, 33, 34, 36 and 37 stand rejected under 35 U.S.C. §103 as allegedly being obvious over
Cherian in view of U.S. Patent Application Publication No. 2017/0202023 (hereinafter “Zhou™).
Claims 29 and 30 stand rejected under 35 U.S.C. §103 as allegedly being obvious over Cherian
in view of IEEE and U.S. Patent Application Publication No. 2016/0066257 (hereinafter “Liu’").
Claims 31 and 32 stand rejected under 35 U.S.C. §103 as allegedly being obvious over Cherian
in view of IEEE and U.S. Patent Application Publication No. 2019/0313453 (hereinafter
“Baron™).

In this response, claims 21 and 33 are amended. No new matter is presented as a result of
these amendments. Claims 22-25 and 34-37 are canceled. No new claim is added. Claims [-20
were previously canceled. Accordingly, the claims pending in this application after entry of this
response are claims 21, 26-33 and 38-40.

For at least the following reasons, this application should be considered in condition for

allowance and passed to issuance.

Claim Rejections — 35 U.S.C. §103

In the Office Action, claims 21-23, 26-28, 33-35 and 38-40 stand rejected under 35 U.S.C.
§103 as allegedly being obvious over Cherian in view of IEEE (See Office Action: item 6 at
page 3). Claims 21, 22, 24, 25, 33, 34, 36 and 37 stand rejected under 35 U.S.C. §103 as
allegedly being obvious over Cherian in view of Zhou (See Office Action: item 7 at page 8).
Claims 29 and 30 stand rejected under 35 U.S.C. §103 as allegedly being obvious over Cherian
in view of IEEE and Liu (See Office Action: item 8 at page 11). Claims 31 and 32 stand rejected
under 35 U.S.C. §103 as allegedly being obvious over Cherian in view of IEEE and Baron (See
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Office Action: item 9 at page 13). These rejections are hereby traversed, and reconsideration and

withdrawal are respectfully requested.

Claim 21
Claim 21 recites:

A wireless communication terminal that wirelessly communicates with a base
wireless communication terminal, the wireless communication terminal comprising:

[ rrans(:efver; and

a processor,

wherein the processor is configured to:

transmit, to the base wireless communication terminal, a trigger-based physical
layer protocol data unit (PPDU) using the transceiver,

switch a parameter set, which is a set of parameters used for the channel access,
[from a first parameter set to a second parameter set based on whether the base wireless
communication terminal triggers a multi-user uplink transmission participation of the
wireless communication terminal,

when a MAC protocol data unit (MPDU) included in the trigger-based PPDU
(!()35 not requesr an iﬂ'ﬂ}"lﬁ’(ﬁa[&' response, set a SE?(,'()”(!FPG?"H??TETEF' set rimerfar an dccess
category of the MPDU when the transmission of the trigger-based PPDU ends,

when the MPDU included in the trigger-based PPDU requests the immediate
response, set the second parameter set timer for the access category of the MPDU for
which immediate response is received,

when the second parameter set timer expires, terminate an application of the
second parameter set, and

access a channel according to a priority of data to be transmitted to the base
communication terminal by the wireless communication terminal and the parameter set.

Although the Applicant respectfully disagrees with the Examiner, solely to expedite
prosecution of the present application and allowance of the claims, claim 21 is amended to add
“when a MAC protocol data unit (MPDU) included in the trigger-based PPDU does not request
an immediate response, set a second parameter set timer for an access category of the MPDU
when the transmission of the trigger-based PPDU ends, when the MPDU included in the trigger-
based PPDU requests the immediate response, set the second parameter set timer for the access

category of the MPDU for which immediate response is received’.
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References Cherian in view of IEEE

The Applicant cannot find any disclosure, teaching or suggestion in Cherian or IEEE that

“the processor is configured to ... when a MAC protocol data unit (MPDU) included in the

trigger-based PPDU does not request an immediate response, set a second parameter set timer

for an access category of the MPDU when the transmission of the trigger-based PPDU ends,

land ] when the MPDU included in the trigeger-based PPDU requests the immediate response, set

the second parameter set timer for the access categorv of the MPDU for which _immediate

response is received’ as recited in claim 21 (emphasis added). Therefore, it is respectfully

submitted that claim 21 is not obvious over Cherian in view of 1EEE, and requests

reconsideration and withdrawal of the §103 rejection of claim 21.

References Cherian in view of Zhou

Cherian and Zhou fail to disclose, teach or suggest that “the processor is configured to ...

when a MAC protocol data unit (MPDU) included in the trigger-based PPDU does not request

an immediate response, set a second parameter set timer for an access category of the MPDU

when_the transmission of the trigger-based PPDU ends, [and] when the MPDU included in the

trigger-based PPDU requests the immediate response, set the second parameter set timer for the

access category of the MPDU for which immediate response is received’ as recited in claim 21

(emphasis added).

The Office Action acknowledges that “Cherian does not explicitly teach, wherein the
processor is configured to determine when to set the second parameter set timer based on a type
of responding requested by the MPDU included in the trigger-based PPDU” (Office Action: page
11). Accordingly, Cherian does not disclose, teach or suggest that “the processor is configured

to ... when a MAC protocol data unit (MPDU) included in the trigger-based PPDU does not

reqguest an immediate response, set a second parameter set timer for an access category of the

MPDU when _the transmission of the trigger-based PPDU ends, [and] when the MPDU included

in the trigger-based PPDU requests the immediate response, set the second parameter set timer

for the access category of the MPDU for which immediate response is received” as recited in

claim 21 (emphasis added).

Page 8 of 12

706



Application No. 16/294,883 Attorney Docket No. B-9905CON 631950-4
Response to Office Action of June 23, 2020

Further, Zhou fails to make up the deficiency of Cherian with respect to the limitation of

claim 21 that “the processor is configured to ... when a MAC protocol data unit (MPDU)

included in the trigger-based PPDU does not request an immediate response, set a second

parameter set timer for an access category of the MPDU when the transmission of the trigger-

based PPDU ends, [and] when the MPDU included in the trigger-based PPDU requests the

immediate response, set the second parameter set timer for the access category of the MPDU for

which immediate response is received” as recited in claim 21 (emphasis added). In the Office

Action, the Examiner indicates that “Zhou teaches the wireless communication terminal may set
second parameter timer after the wireless communication terminal transmits a scheduled UL
transmission, or transmits a scheduled UL transmission and gets an ACK message (Provisional
application No. 62/278,268: {[0081])" (Office Action: page 11). Paragraph [0081] of
Provisional Application No. 62/278,268 of Zhou states that *“the STA 106 may reset

timer/counter to zero after the STA 106 transmits a scheduled UL transmission. or transmits a

scheduled UL transmission and gets an ACK message™ (emphasis added). However, “reset[ting]

timer/counter to zero after the STA 106 transmits a scheduled UL transmission, or transmits a

scheduled UL transmission and gets an ACK message™ in Zhou is not a disclosure, teaching or

suggestion that “the processor is configured to ... when a MAC protocol data unit (MPDU)

included in the trigger-based PPDU does not request an_immediate response, set a second

parameter set timer for an access category of the MPDU when the transmission of the trigger-

based PPDU ends, [and] when the MPDU included in the trigger-based PPDU requests the

immediate response, set the second parameter set timer for the access category of the MPDU for

which immediate response is received” as recited in claim 21 (emphasis added). Further, the
“scheduled UL transmission” referred in paragraph [0081] of Provisional Application No.
62/278,268 of Zhou does not indicate a type of response, but indicates an initiation type of the
UL transmission. Additionally, nowhere does Zhou mention the “immediate response’ recited
in claim 21 (emphasis added). Hence, Zhou does not cure Cherian’s failure of teaching that “rhe

processor is configured to ... when_a MAC protocol data unit (MPDU) included in the trigger-

based PPDU does not request an immediate response, set a second parameter set timer for an

access_category of the MPDU when the transmission_of the trigger-based PPDU ends, [and]

when the MPDU included in the trigger-based PPDU requests the immediate response, set the
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second parameter set timer for the access category of the MPDU for which immediate response

is received’ as recited in claim 21 (emphasis added).

For at least the foregoing reasons, the Applicant respectfully submits that claim 21 is not
obvious over Cherian in view of Zhou, and requests reconsideration and withdrawal of the §103

rejection of claim 21.

ok ok

For completeness of reasoning, neither Liu nor Baron discloses, teaches or suggests that

“the processor is configured to ... when _a MAC protocol data unit (MPDU) included in_the

trigger-based PPDU does not request an immediate response, set a second parameter set timer

for an_access category of the MPDU when the transmission of the trigger-based PPDU ends,

[and ] when the MPDU included in the trigger-based PPDU requests the immediate response,

set the second parameter set timer for the access category of the MPDU for which immediate

response is received” as recited in claim 21 (emphasis added). Hence, Liu and Baron do not

make up the deficiency of the combination of Cherian and IEEE with respect to the limitation of

claim 21 that “the processor is configured to ... when a MAC protocol data unit (MPDU)

included in the trigger-based PPDU does not request an_immediate response, set a second

parameter set timer for an access category of the MPDU when the transmission of the trigger-

based PPDU ends, [and] when the MPDU included in the trigger-based PPDU requests the

immediate response, set the second parameter set timer for the access category of the MPDU for

which immediate response is received” (emphasis added). Accordingly, the Applicant

respectfully submits that claim 21 is not obvious over obvious over Cherian in view of IEEE and

Liu or over Cherian in view of IEEE and Baron.
Claim 33
The Applicant respectfully submits that arguments similar to the arguments set forth for

claim 21 can be used, muratis mutandis, to show that claim 33 is patentable under 35 U.S.C.

§ 103, and requests reconsideration and withdrawal of the § 103 rejection of claim 33.
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Claims 26-32 and 38-40

“If an independent claim is nonobvious under 35 U.S.C. 103, then any claim depending
therefrom is nonobvious.” In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988). As
discussed above, claims 21 and 33 are patentable under 35 U.S.C. §103. Claims 26-32 and 38-
40 depend from claim 21 or 33. Therefore, the Applicant respectfully submits that claims 26-32
and 38-40 are patentable under 35 U.S.C. §103 at least by way of their dependencies on claims
21 and 33, and requests reconsideration and withdrawal of the §103 rejections of claims 26-32
and 38-40.

Claims 22-25 and 34-37
Although the Applicant respectfully disagrees with the Examiner, solely to expedite

prosecution of the present application and allowance of the claims, claims 22-25 and 34-37 are

canceled, rendering the rejections moot.
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CONCLUSION

It is believed that all of the grounds of rejection have been properly traversed,
accommodated, or rendered moot. The Applicant therefore respectfully requests that the
Examiner reconsider and withdraw all presently outstanding rejections. It is believed that a full
and complete response has been made to the outstanding Office Action and the present
application is in condition for allowance. Thus, prompt and favorable consideration of this
amendment is respectfully requested. If the Examiner believes that personal communication will
expedite prosecution of this application, the Examiner is invited to telephone the undersigned at
(323) 934-2300.

The Commissioner is authorized to charge any additional fees which may be required or
credit overpayment to deposit account no. 12-0415. In particular, if this response is not timely
filed, then the Commissioner is authorized to treat this response as including a petition to extend
the time period pursuant to 37 CFR 1.136 (a) requesting an extension of time of the number of
months necessary to make this response timely filed and the petition fee due in connection

therewith may be charged to deposit account no. 12-0415.

I hereby certify that this document is being transmitted Respectfu]ly submitted,
electronically to the United States Patent and Trademark

Office via electronic filing.

September 22, 2020 I‘Y(JUI‘lg Seok Koo 76,255/
(Date of Transmission)

Young Seok Koo

Attorney for Applicant

Registration No. 76,255

/ Young Seok Koo / LADAS & PARRY

(Signature) 5670 Wilshire Blvd., Suite 2100

Los Angeles, CA 90010
Tel No.: (323) 934-2300
Fax No.: (323) 934-0202

Young Seok Koo
(Name of Person Transmitting)
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: WILUS INSTITUTE OF STANDARDS Examiner: RANDHAWA, MANDISH K
AND TECHNOLOGY INC. & SK TELECOM CO.,

LTD. Art Unit: 2477

Serial No.: 16/294.883 Conf. No.: 6210

Filing or 371 (c) Date: March 6, 2019 Our Ref: B-9905CON 631950-4

For: “WIRELESS COMMUNICATION METHOD Re: Information Disclosure Statement
USING ENHANCED DISTRIBUTED CHANNEL

ACCESS, AND WIRELESS COMMUNICATION

TERMINAL USING SAME”

Date:  July 16, 2020

INFORMATION DISCLOSURE STATEMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir/Madam:
This information disclosure statement is filed in accordance with 37 C.F.R. §§ 1.56. 1.97 and 1.98 to
disclose information that may be relevant to the above-identified patent application. The Applicant requests the
Examiner consider the documents listed on the enclosed form PTO-1449 (modified) in the examination of this

application.

The filing of this Information Disclosure Statement (IDS) shall not be construed as a representation that a
search has been made (37 C.F.R. 1.97(g)). an admission that the information cited is. or is considered to be, material

to patentability, or that no other material information exists.

The filing of this Information Disclosure Statement shall not be construed as an admission against interest

inany manner (37 C.F.R § 1.97(h)).

If anv additional fee is required for this filing, the Applicant requests the Examiner contact a practitioner

associated with the Customer Number listed below for authorization.

This information disclosure statement also includes the statements marked below. Failure to mark a
statement should not be construed as a negative assertion.
Timing and Fees
This IDS is being filed:
| ]| Concurrently with the application, and no fee is due.
[ ] Within three months of the filing of the national application, other than a continued prosecution application

under § 1.53(d), and no fee is due.
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| ]| Within three months of the date of entry of the national stage as set forthin § 1.491 in an international
application, and no fee is due.

[ ] Before the mailing of a first Office Action on the merits, and no fee is due.

[ 1 Before the mailing of a first Office Action after the filing of a request for continued examination under§

1.114, and no fee is due.

[x] After the periods described above, and before a final Office Action under § 1.113. a Notice of Allowance
under § 1.311. or an action that otherwise closes prosecution in the application, and is

[ 1 accompanied by the fee set forth in § 1.17(p). or

[x] filed with the statement set forth in 37 C.F.R. 1.97(¢)(1): That cach item of information contained
in the information disclosure statement was first cited in any communication from a foreign patent
office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement: or

| ] filed with the statement set forth in 37 C.F.R. 1.97(e)(2): That no item of information contained in
the information disclosure statement was cited in a communication from a foreign patent office in
a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure
statement was known to any individual designated in § {.36{¢) more than three months prior to the

filing of the information disclosure statement.

[ ] After the periods described above, and is accompanied by the fee set forthin § 1.17(p). and is
[ 1 filed with the statement sct forth in 37 C.F.R. 1.97(¢)(1). that cach item of information contained
in the information disclosure statement was first cited in any communication from a foreign patent
office in a counterpart foreign application not more than three months prior to the filing of the

information disclosure statement; or

[ 1 filed with the statement set forth in 37 C.F.R. 1.97(¢)(2). that no item of information contained in
the information disclosure statement was cited in a communication from a foreign patent office in
a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure
statement was known to any individual designated in § 1.56{¢; more than three months prior to the

filing of the information disclosure statement.

[ ] Concurrently with a Request for Continued Examination. and no additional fee is due for this IDS.

Items Disclosed

At least one item listed on the enclosed form PTO-1449 (modified) was

© Ladas & Parry LLP 2 Revised Sept. 2012
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[x] Cited in an Office Action for a related application, the application number of the related application and the

issue date of the Office Action are provided below and the Office Action is enclosed.

Please see the enclosed form PTO-1449 (modified) for related application number(s) and issue date(s).

| | Cited in an International Search Report (ISR) or an International Preliminary Report on Patentability
(IPRP) or a Written Opinion (WQO) of the International Searching Authority (ISA) for the related PCT
Application, the PCT application number and the issue date of the ISR/IPRP/WO are provided below and
the ISR/IPRP/WO is enclosed.

Additional Information

[x] Translations of the foreign-language documents are also enclosed as machine-translations, human-
translations, or counterpart applications as noted. Machine translations were provided by the Japanese
Patent Office, ESPACENET, Google Documents, Patent Fetcher® /ESPACENET, Google Translate or
Google Translator Toolkit as noted and with OCR by Adobe Acrobat 9 or ABBYY PDF Transformer 3 if
needed.

[x] English-language abstracts of foreign-language documents are provided.

[x] Documents listed on the enclosed ISR/IPRP/WO or the Office Action have relevance at least as described
therein.

[ ] The documents with the following reference numbers were described in the specification of the present
application; omission of a reference from this list does not indicate that it was not discussed in the

specification of the present application.

|x] At least one of the references cited in the Office Action listed on the attached PTO-1449 (modified) were

previously submitted in an IDS or cited by the Examiner for the present application on March 4. 2020 and

March 6, 2019 and therefore are not submitted in this IDS.
[x] Other: copy of the statement as set forth under 37 C.F.R. 1.97(e)(1).

1 hereby certify that this document is being transmitted Respectfully submitted,
to the Patent and Trademark Office via electronic filing.

/ Young Scok Koo 76,255/

Young Seok Koo

Attorney for Applicant
Registration. No. 76,255
LADAS & PARRY LLP

4525 Wilshire Blvd., Suite 240
/ Azatuhi Chinaryan / Los Angeles, CA 90010
(323) 934-2300 voice

July 16, 2020
(Date of Transmission)

Azatuhi Chinaryan
(Name of Person Transmitting)

(Signature)

© Ladas & Parry LLP 3 Revised Sept. 2012
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW llsfnﬂ gﬂ’\

| APPLICATION NO. l FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. ] CONFIRMATION NO. l
16/294,883 03/06/2019 Woojin Ahn B-9905CON 631950-4 6210
158747 7590 06/23/2020 | EXAMINER |
LADAS & PARRY
E-MAIL RANDHAWA, MANDISH K
4525 Wilshire Boulevard
Suite 240 | ART UNIT | PAPER NUMBER |
LOS ANGELES, CA 90010 2477

I NOTIFICATION DATE l DELIVERY MODE I

06/23/2020 ELECTRONIC
Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

LA_MAIL@]la.ladas.com
achinaryan @ la.ladas.com
yvkoo@la.ladas.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

16/294,883 Ahn et al.
Office Action Summary Examiner Art Unit AIA (FITF) Status
MANDISH RANDHAWA 2477 Yes

- The MAILING DATE of this communication appears on the cover sheel with the correspondence address -
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 3/6/19.
0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon _____
2a)[] This action is FINAL. 2b) ¥ This action is non-final.

3)(J An election was made by the applicant in response 1o a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)(0J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayie, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 21-40 is/are pending in the application.
5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) [J Claim(s) ____is/are allowed.
7) Claim(s) 21-40 is/are rejected.
8) [ Claim(s) ____is/are objected to.

9) (O Claim(s) are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see

http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10)(J The specification is objected to by the Examiner.
11)0J The drawing(s) filedon _____ is/are: a)[J accepted or b)(] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)@ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)J All b)(] Some** c)™ None of the:
1.4 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) [#] Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
Paper No(s)/Mail Date
2) [v] Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 0 O?I? ” UM
Paper No(s)/Mail Date 3/6/19. 9/10/19, 3/4/20. er —
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20200617
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Application/Control Number: 16/294,883 Page 2
Art Unit: 2477

DETAILED ACTION

Notice of Pre-AIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.

Claim Rejections - 35 USC § 103
2. In the event the determination of the status of the application as subject to AIA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any
correction of the statutory basis for the rejection will not be considered a new ground of
rejection if the prior art relied upon, and the rationale supporting the rejection, would be
the same under either status.
3. The following is a quotation of 35 U.S.C. 103 which forms the basis for all

obviousness rejections set forth in this Office action:

A patent for a claimed invention maynot be obtained, notwithstanding thatthe claimed
invention is not identicallydisclosed as setforthinsection 102, if the differences between the
claimed invention and the prior artare such thatthe claimed invention as awhole would have
been obvious before the effective filing date of the claimed invention to a person having
ordinaryskill inthe art to which the claimed invention pertains. Patentabilityshall notbe
negated by the manner in which the invention was made.

4. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148
USPQ 459 (1966), that are applied for establishing a background for determining
obviousness under 35 U.S.C. 103 are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating

obviousness or nonobviousness.
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Application/Control Number: 16/294,883 Page 3
Art Unit: 2477

D This application currently names joint inventors. In considering patentability of the
claims the examiner presumes that the subject matter of the various claims was
commonly owned as of the effective filing date of the claimed invention(s) absent any
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to
point out the inventor and effective filing dates of each claim that was not commonly
owned as of the effective filing date of the later invention in order for the examiner to
consider the applicability of 35 U.S.C. 102(b)(2)(C) for any potential 35 U.S.C. 102(a)(2)
prior art against the later invention.

6. Claims 21-23, 26-28, 33-35 and 38-40 are rejected under 35 U.S.C. 103 as being
unpatentable over Cherian et al. (US 2017/0325264 A1, hereinafter “Cherian”) in view of
IEEE 802.11-16/1180r0 (“Proposed spec text for MU EDCA parameters”).

Regarding claims 21, 22, 33 and 34, Cherian teaches a wireless communication
terminal that wirelessly communicates with a base wireless communication terminal, the
wireless communication terminal comprising: a transceiver; and a processor (figs. 1 and
2), wherein the processor is configured to: transmit, to the base wireless communication
terminal, a trigger-based physical layer protocol data unit (PPDU) using the transceiver
(Provisional application No. 62/333745: figs. 3, 4, [0047], Once the STA receivesa
trigger frame scheduling UL resources, the STA may switch to the MU mode and
transmit data packets using the scheduled resources, §[0049], § [0065]); switch a
parameter set, which is a set of parameters used for the channel access, from a first
parameter set to a second parameter set based on whether the base
wireless communication terminal triggers a multi-user uplink transmission participation
of the wireless communication terminal (Provisional application No. 62/333745:

[0052]-9 [0054], § [0058], One or more of the STAs may be operating in adefault SU
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Application/Control Number: 16/294,883 Page 4
Art Unit: 2477

mode before receiving the trigger frame from the AP. In response to receiving the
trigger frame at 402, the STAs 1-3 transition to the MU mode and, simultaneously
transmit packets on the UL on resources scheduled by the trigger frame received at
402., Fig. 5, 1 [0061], The most recent MU EDCA Parameter Set element receivedbya
STA may be used to update the appropriate MIB values. §[0065] A High Efficiently
(HE) non-AP STA that receives a trigger frame (e.g., Basic variant Trigger frame) that
contains a Per User Info field with the AID of the STA may update its EDCA
parameters, for example, dotlIEDCATable CWmin, dotl IEDCATable CWmax,
dotllIEDCATable AIFSN, and dotl IHEMUEDCATimer to the values contained in the
most recently received MU EDCA Parameter Set element sent bythe AP to which the
STA is associated. In an aspect, the dotl IHEMUEDCATimer may uniformly count
down to 0 when its value is nonzero.); seta second parameter set timer; when the
second parameter set timer expires, terminate an application of the second parameter
set (Provisional application No. 62/333745: Fig. 5, § [0063], where The MU EDCA
Timer indicates the duration of time, in units of TUs, for which the provided MU EDCA
parameters are valid after reception of a Trigger frame, § [0065] An HE non-AP STA
thatreceives atrigger frame (e.g., Basic variant Trigger frame) that contains a Per
User Info field with the AID of the STA may update its EDCA parameters sent bythe
AP to which the STA is associated. In an aspect, the dotl IHEMUEDCATimer may
uniformly count down to 0 when its value is nonzero, § [0067], § [0069]), access a
channel according to a priority of data to be transmitted to the base communication
terminal by the wireless communication terminal and the parameter set; and
transmitting the data through the channel (Provisional application No. 62/333745:

figs.3- 5,  [0042]).
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Application/Control Number: 16/294,883 Page 5
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Cherian does not explicitly teach set a second parameter set timer based on
whether a response to a MAC protocol data unit (MPDU) included in the trigger-based
PPDU is received.

IEEE teaches set a second parameter set timer based on whether a response to
an MPDU included in the trigger-based PPDU is received; wherein the processor is
configured to set the second parameter set timer when the response reception ends
(Pages 5-6, The STA operating with MU EDCA parameters can switch back to the
legacy EDCA parameters: if the STA has not been scheduled after a pre-defined
TimeOut after the last time the STA was scheduled by Basic variant Trigger frame in
UL MU. Timeout starts from end of basic variant Trigger. The MU EDCA Timer
indicates the duration of time, in units of 8TUs, for which the provided MU EDCA
parameters are used by an HE STA after reception of a basic variant Trigger frame.
Page 7: An HE non-AP UL MU capable STA thatreceives a Basic variant Trigger
frame that contains a Per User Info field with the AID of the STA, and that receives an
immediate response fromthe AP for the transmitted Trigger-based PPDU, shall:
...Update its HEMUEDCATIimer state variable to the values contained in the most
recentlyreceived MU EDCA Parameter Set element sent by the AP to which the STA
is associated. The HEMUEDCATimer shall uniformly count down to 0 when its value
is nonzero).

Thus, it would have been obvious to one of ordinary skill in the art at the time of
the invention was filed to set a second parameter set timer based on whether a
response to an MPDU included in the trigger-based PPDU is received in the system of

Cherian to comply with the IEEE standard requirements.
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Regarding claims 23 and 35, Cherian in view of IEEE teaches the wireless
communication terminal of claim 21.

Cherian does not explicitly teach wherein the processor is configured to set the
second parameter set timer for an access category of an MPDU for which the response
is received.

IEEE teaches wherein the processor is configured to set the second parameter
set timer for an access category of an MPDU for which the response is received ( Page
7: An HE non-AP UL MU capable STA thatreceives a Basic variant Trigger frame that
contains a Per User Info field with the AID of the STA, and that receives an immediate
response fromthe AP for the transmitted Trigger-based PPDU, shall: update its
CWmin[AC], CWmax[AC], AIFSN[AC], state variables to the values contained in the
most recentlyreceived MU EDCA Parameter Set element sentby the AP to which the
STA is associated, for all the ACs from which QoS Data frames were transmitted in
the trigger-based PPDU. Update its HEMUEDCATimer state variable to the values
contained in the most recentlyreceived MU EDCA Parameter Set element sent by the
AP to which the STA is associated).

Thus, it would have been obvious to one of ordinary skill in the art at the time of
the invention was filed to configured to set the second parameter set timer for an access
category of an MPDU for which the response is received in the system of Cherian in
view of IEEE to comply with the IEEE standard requirements.

Regarding claims 26 and 38, Cherian in view of IEEE teaches the wireless
communication terminal of claim 21, wherein the MPDU included in the trigger-based
PPDU is a QoS data frame (Provisional application No. 62/333745: § [0042] and

[0060]. IEEE: Pages 5-7, An HE non-AP UL MU capable STA that receives a Basic
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variant Trigger frame that contains a Per User Info field with the AID of the STA, and
that receives an immediate response from the AP for the transmitted Trigger-based
PPDU, shall: update its CWmin[AC], CWmax[AC], AIFSN[AC], state variables to the
values contained in the most recentlyreceived MU EDCA Parameter Set element sent
by the AP to which the STA is associated, for all the ACs from which QoS Data
frames were transmitted in the trigger-based PPDU.).

Regarding claims 27 and 39, Cherian in view of IEEE teaches the wireless
communication terminal of claim 21.

Cherian does not explicitly teach wherein the processor is configured to receive a
beacon frame from the base wireless communication terminal and obtain information
indicating a period of the second parameter set timer from the beacon frame.

IEEE teaches wherein the processor is configured to receive a beacon frame
from the base wireless communication terminal and obtain information indicating a
period of the second parameter set timer from the beacon frame (Pages 6-7, The QoS
AP shall announce the EDCA parameters in selected Beacon frames).

Thus, it would have been obvious to one of ordinary skill in the art at the time of the
invention was filed to receive a beacon frame from the base wireless

communication terminal and obtain information indicating a period of the second
parameter set timer from the beacon frame in the system of Cherian in view of IEEE to
comply with the IEEE standard requirements.

Regarding claims 28 and 40, Cherian in view of IEEE teaches the wireless
communication terminal of claim 21, wherein when switching the parameter set from the
first parameter set to the second parameter set, the processor is configured to set the

second parameter set timer (Provisional application No. 62/333745: § [0058], One or
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more of the STAs may be operating in a default SU mode before receiving the trigger
frame from the AP. In response to receiving the trigger frame at 402, the STAs 1-3
transition to the MU mode and, simultaneously transmit packets on the UL on
resources scheduled by the trigger frame received at 402., Fig. 5, § [0061], The most
recent MU EDCA Parameter Set element received bya STA may be used to update
the appropriate MIB values. §[0065] A High Efficiently (HE) non-AP STA thatreceives
a trigger frame (e.g., Basic variant Trigger frame) that contains a Per User Info field
with the AID of the STA may update its EDCA parameters, for example,
dotllIEDCATable CWmin, dotl IEDCATableCWmax, dotllEDCATable AIFSN, and dotl
IHEMUEDCATimer to the values contained in the most recentlyreceived MU EDCA
Parameter Set element sent bythe AP to which the STA is associated. IEEE: Pages 6-
7, The MU EDCA Timer indicates the duration of time, in units of 8TUs, for which the
provided MU EDCA parameters are used by an HE STA after reception of a basic
variant Trigger frame).

7. Claims 21, 22, 24, 25, 33, 34, 36 and 37 are rejected under 35 U.S.C. 103 as
being unpatentable over Cherian in view of Zhou et al. (US 2017/0202023 Af,
hereinafter “Zhou”).

Regarding claims 21, 22, 33 and 34, Cherian teaches a wireless communication
terminal that wirelessly communicates with a base wireless communication terminal, the
wireless communication terminal comprising: a transceiver; and a processor (figs. 1 and
2), wherein the processor is configured to: transmit, to the base wireless communication
terminal, a trigger-based physical layer protocol data unit (PPDU) using the transceiver
(Provisional application No. 62/333745: figs. 3, 4, [0047], Once the STA receivesa

trigger frame scheduling UL resources, the STA may switch to the MU mode and
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transmit data packets using the scheduled resources, §[0049], § [0065]); switch a
parameter set, which is a set of parameters used for the channel access, from a first
parameter set to a second parameter set based on whether the base

wireless communication terminal triggers a multi-user uplink transmission participation
of the wireless communication terminal (Provisional application No. 62/333745: q
[0052]-9] [0054], q] [0058], One or more of the STAs may be operating in a default SU
mode before receiving the trigger frame fromthe AP. In response to receiving the
trigger frame at 402, the STAs 1-3 transition to the MU mode and, simultaneously
transmit packets on the UL on resources scheduled by the trigger frame received at
402., Fig. 5,9 [0061], The most recent MU EDCA Parameter Set elementreceivedbya
STA may be used to update the appropriate MIB values. {[0065] A High Efficiently
(HE) non-AP STA that receives a trigger frame (e.g., Basic variant Trigger frame) that
contains a Per User Info field with the AID of the STA may update its EDCA
parameters, for example, dotllEDCATable CWmin, dotl IEDCATable CWmax,
dotllIEDCATable AIFSN, and dotl IHEMUEDCATimer to the values contained in the
most recentlyreceived MU EDCA Parameter Set element sentbythe AP to which the
STA is associated. In an aspect, the dotl IHEMUEDCATimer may uniformly count
down to 0 when its value is nonzero.); seta second parameter set timer; when the
second parameter set timer expires, terminate an application of the second parameter
set (Provisional application No. 62/333745: Fig. 5, § [0063], where The MU EDCA
Timer indicates the duration of time, in units of TUs, for which the provided MU EDCA
parameters are valid after reception of a Trigger frame, § [0065] An HE non-AP STA
thatreceives atrigger frame (e.g., Basic variant Trigger frame) that contains a Per

User Info field with the AID of the STA may update its EDCA parameters sent bythe
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AP to which the STA is associated. In an aspect, the dotl IHEMUEDCATimer may
uniformly count down to 0 when its value is nonzero, § [0067], § [0069]), access a
channel according to a priority of data to be transmitted to the base communication
terminal by the wireless communication terminal and the parameter set; and
transmitting the data through the channel (Provisional application No. 62/333745:
figs.3- 5, § [0042]).

Cherian does not explicitly teach set a second parameter set timer based on
whether a response to a MAC protocol data unit (MPDU) included in the trigger-based
PPDU is received.

Zhou teaches set a second parameter set timer based on whether a response to
an MPDU included in the trigger-based PPDU is received; wherein the processor is
configured to set the second parameter set timer when the response reception ends
(Provisional application No. 62/278,268: { [0081], the STA 106 may reset
timer/counter to zero after the STA 106 transmits a scheduled UL transmission, or
transmits a scheduled UL transmission and gets an ACK message. In other aspects,
the STA 106 may reset timer/counterto zero after the STA 106 transmits a non-
scheduled UL transmission, or transmits a non-scheduled UL transmission and gets
an ACK message).

Thus, it would have been obvious to one of ordinary skill in the art at the time of
the invention was filed to set a second parameter set timer based on whether a
response to an MPDU included in the trigger-based PPDU is received in the system of
Cherian to further improve the system ({ [0005] of Zhou).

Regarding claims 24, 25, 36 and 37, Cherian in view of Zhou teaches the

wireless communication terminal of claim 21.
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Cherian does not explicitly teach, wherein the processor is configured to
determine when to set the second parameter set timer based on a type of responding
requested by the MPDU included in the trigger-based PPDU.

However, Zhou teaches the wireless communication terminal may set second
parameter timer after the wireless communication terminal transmits a scheduled UL
transmission, or transmits a scheduled UL transmission and gets an ACK message
(Provisional application No. 62/278,268: § [0081]).

Thus, it would have been obvious to one of ordinary skill in the art at the time of
the invention was filed to determine when to set the second parameter set timer based
on a type of responding requested by the MPDU included in the trigger-based PPDU
(i.e., determine to set the second parameter set timer when the transmission of the
trigger-based PPDU ends when the ACK is not requested or to set the second
parameter set timer after an ACK is received when the ACK is requested) in the system
of Cherian in view of Zhou. The motivation for doing this is a matter of design choice.
8. Claims 29 and 30 are rejected under 35 U.S.C. 103 as being unpatentable over
Cherian in view of IEEE as applied to claim 21 above, and further in view of Liu et al.
(US 2016/0066257 A1, hereinafter “Liu”).

Regarding claim 29, Cherian in view of IEEE teaches the wireless
communication terminal of claim 21, wherein the parameter set comprises a minimum
value (CWmin) of the Contention Window (CW) and a maximum value (CWmax) of the
CW (Cherian: q [0064] and § [0065]. IEEE: pages 5and 7).

Cherian in view of IEEE does not explicitly teach wherein the processor is

configured to calculate a random integer value within a CW, set a backoff timer based
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on the random integer value, and access the channel based on the back off timer and a
predetermined slot time.

However, it is well known in the art to calculate a random integer value within a
CW, set a backoff timer based on the random integer value, and access the channel
based on the back off timer and a predetermined slot time, wherein the parameter set
comprises a CWminand CWmax of the CW, as evidenced by § [0031] of Liu.

Thus, it would have been obvious to one of ordinary skill in the art at the time of
the invention was filed to calculate a random integer value within a CW, set a backoff
timer based on the random integer value, and access the channel based on the back off
timer and a predetermined slot time in the system of Cherian in view of IEEE to comply
with EDCA protocol in [EEE 802.11 WLAN ( [0031] of Liu).

Regarding claim 30, Cherian in view of IEEE teaches the wireless
communication terminal of claim 21, wherein the parameter set comprises a minimum
value (CWmin) of the Contention Window (CW) and a maximum value (CWmax) of the
CW (Cherian:{ [0064] and § [0065]. IEEE: pages 5and 7).

Cherian in view of IEEE does not explicitly wherein the processor is configured to
calculate a random integer value in a CW, set a backoff timer based on the random
integer value, access the channel based on the back off timer and a predetermined slot
time, and if a value of the CW is greater than the maximum value (CWmax) of the CW
according to a priority of the data to be transmitted, sets the value of the CW to
the CWmax.

However, it is well known in the art to calculate a random integer value in a CW,

set a backoff timer based on the random integer value, access the channel based on
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the back off timer and a predetermined slot time, and if a value of the CW is greater
than the CWmax of the CW according to a priority of the data to be transmitted, sets the
value of the CW to the CWmax, as evidenced by § [0030] and § [0031] of Liu.

Thus, it would have been obvious to one of ordinary skill in the art at the time of
the invention was filed to calculate a random integer value in a CW, set a backoff timer
based on the random integer value, access the channel based on the back off timer and
a predetermined slot time, and if a value of the CW is greater than the maximum value
(CWmax) of the CW according to a priority of the data to be transmitted, sets the value
of the CW to the CWmax in the system of Cherian in view of IEEE to comply with EDCA
protocol in IEEE 802.11 WLAN ( [0031] of Liu).

9. Claims 31 and 32 are rejected under 35 U.S.C. 103 as being unpatentable over
Cherian in view of IEEE as applied to claim 21 above, and further in view of Baron et al
(US 2019/0313453 A1, hereinafter “Baron”).

Regarding claims 31 and 32, Cherian in view of IEEE teaches the wireless
communication terminal of claim 21.

Cherian in view of IEEE does not explicitly teach wherein the processor is
configured to operate a plurality of queues that are classified according to an access
category of data stored in a queue and performs backoff procedure of accessing
a channel based on a time corresponding to a backoff timer in each of the plurality
of queues, and when there is no data stored in the queue and the backoff timer
corresponding to the queue is 0, perform no operation at a slot boundary of the backoff
timer, wherein the backoff timer is set based on a random integer value calculated in a

contention window (CW), and is reduced when the channel is idle for a
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predetermined slot time, wherein when there is no data stored in the queue and the
backoff timer corresponding to the queue is 0, the processor is configured to maintain
the backoff timer to be 0.

Baron teaches wherein the processor is configured to operate a plurality of
queues that are classified according to an access category of data stored in a queue
and performs backoff procedure of accessing a channel based on a time corresponding
to a backoff timer in each of the plurality of queues, and when there is no data stored in
the queue and the backoff timer corresponding to the queue is 0, perform no operation
at a slot boundary of the backoff timer, wherein the backoff timer is set based on a
random integer value calculated in a contention window (CW), and is reduced when the
channel is idle for a predetermined slot time, wherein when there is no data stored in
the queue and the backoff timer corresponding to the queue is 0, the processor is
configured to clear the backoff timer (9 [0159], § [0160], each AC (and corresponding
buffer) acts as an independent DCF contending entity including its respective queue
backoff engine, §[0107], the queue backoff value associated with a non-empty traffic
queue being decreased by the node over time to access the communication channel
upon reaching zero. Of course, this operation may be made for each traffic queue
that becomes empty after the step of transmitting data. clearing a queue backoff
value corresponding to a traffic queue when no more data to be transmitted to the
access point, § [0262], [0262] The node then computes the queue backoff value as
being equal to arandom value selected in range [0, CW]+AIFS, where CW is the
current value of the CW for the Access Category ).

Thus, it would have been obvious to one of ordinary skill in the art at the time of

the invention was filed to operate a plurality of queues that are classified according to
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an access category of data stored in a queue and perform backoff procedure of
accessing a channel based on a time corresponding to a backoff timer, set based on a
random integer value calculated in a contention window (CW), and reduced when the
channel is idle for a predetermined slot time, in each of the plurality of queues, and
perform no operation at a slot boundary of the backoff timer and to maintain the backoff
timer to be 0 when there is no data stored in the queue and the backoff timer
corresponding to the queue is 0 in the system of Cherian in view of IEEE to provide
improved and fairer communication method/device (4 [0042] of Baron).

Conclusion
9. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MANDISH RANDHAWA whose telephone number is
(571)270-5650. The examiner can normally be reached on Monday-Thursday (7 AM-4
PM).

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Ayaz Sheikh can be reached on (571) 272-3795. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.
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Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see https:/ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).
If you would like assistance from a USPTO Customer Service Representative or access
to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000.

/MANDISH K RANDHAW A/
Examiner, Art Unit 2477
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Certain aspects of the present disclosure
reiate (o station backoff behavior In uplindk
{UL) muitiple user (MU} operations.
Certain aspects of the prasent disclosure
provide an apparatus for wireless
communications. The apparatus generally
inchudes a processing sysiem configurad
{0 ganerate an unsoliciied single user
(&L} frame for transmission o an access
paint (AP} while the apparatus is
configured o communicate with the AP via MU transmissions and a fransmit interface
configured to oulpul the unsolicited SU frame for transmission. Certain aspects of the
present disclosure provide ancther apparatus for wirgless communications. The
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a madium by generating a first frame o trigger MU transmissions from a plurality of
apparatuses and a ransmit inferface configured o oulput the first frame for
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CLAIMS JP2018508024

Apparaius for wireless communication, wherein sald apparatus is configured {o communicate with an access point (AP} via
mufthbuser M) communication while a single user (8L for ransmission o sald AF Generaling a frama and parforming a
medium access procedurs according 1o a st sel of exended distributad channel access (EDCA) parameters while the device
is configurad {o communicate with the AP vig MU communication, A conteniion system for competing for aceess o the medium
for transmission of the SU frame; and oculputling the SU frame for fransmission when the medium is acquired. A first interface
configured.

2

The first set of EDCA paramelers is a second sel of EDCA parameters used {o conlend for access to the medium when the
device iz nol configured 1o communicale with the AP via MU communication. The device of claim 1, wherein the device s
gifferent from the sel

3

The apparatus of claim 3, further compiising a second interface configured to oblain the first set of EDCA parameters and the
second sel of EDCA paramelers from the AR

4,

The apparatus of clairn 2, wherein the processing system is further configured o adiust the first set of EDCA parametars in
response to detecling one or moere conditions associated with MU communication, |

&,

The processing system will be the same as the second set of EDCA paramelers used {o compele for access o the medium
wheit the device is anlt configured to communicate with the AP via MU communication The apparatus of claim §, wherain the
apparaius is configured 1o adjust the firsi sl of EDCA paramelers by selting the first sel of EDCA paramelers,

8,

The apparatus of claim 1. whereip the SU frame comprises a daia frame, 2 data fame having a Wransmission opporiunity
{THOF) requesi, a frame having queue staius inforrmalion, or a coniro! frame indicating a TXOP requast.
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The second inferface fuither configured to oblain a BU bransmission opporiunily (TXOP) grant, a MU TXOF grant, o an
scknowledgiment (ACK) frame afler the SU rame has been cutpul fof ransmission. An apparalus acoording to claim 1.

B,

& The ACK frame cornprises an indicalion of the timing of transimission of a frame seni rom the AP o lrigger & MU transmission
from al least one of the davice or ene or more other devices. An apparalus aceording o claim 1.

8

And further comprising a second interface configured to oblaln a irigger frame from the AF configured o frigger a MU
ransmission from ai least one of the device or gne or more oiher devices, The apparatus of claim 1.

18,

The trigger frame indicales one or more back-off parameters for conlention-hasad access to the medium, and the processing
system determines a back-off countdown based on the one or more back-off parameters. The apparatus of claim 10, whersin
the apparaius is configured to slant a fimer.

11.

The processing system is configured o siart a backoff countdown timer and maintain the backoff countdown timer regardiess of
obiaining the Fgger frame or successiul MU transmission iriggered by the rigger frame. An apparalus according to claim 18

12.

The apparatas of claim 10, wherein the processing systam is configured to adjust a backof counddown based al least in part on
a success or failure of 2 MU fransmission triggered by the {rigger frame.

13,

The apparatus of claim 10, wherein the processing system is configured o increase a conlention window for accessing the
mediim for SU transmission if @ MU fransmission triggered by the bigger frame s successiul, |

14,

The processing sysiem is configured o adjust ong or more back-off parameters during ihe condention seeking access (o the
medium for transmission of ihe 8U frame, wherein the adjusiment is bufferad ai the device The apparatus of claim 1, whersin
the apparaius is based on an amount of data coliecled.

18.

The apparatus of claim 15, wherein the processing sysiem is configured 1o adjust a contention window size if the amount of data
huffered in the apparatus is equal o or exoesds a threshold

16,

A second frame configured to obiain one or more frigger framaes from the AP configured {o trigger & MU fransmission from at
ieast one of the device or one or more other devices, Whersin the processing system is configured {o adjust one or more
backoll parameters during the conflict seeking access io the medium for transmission of the SU rame The apparatus of claim
i, based on a fraquency of the one or more rigger frames oblained from the AP

17.
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The processing sysiem is configured to adjusi one or more back-off paramelers during the conlention sseking access 1o the
mediim for fransmission of the SU frame, wherain the adjusiiment is a length of the SU frame. Apparalus according o claim 1,
basad on the ollowing.

18,

An apparatus for wirsless communicalion, comprising: generating a first frame o tigger a mulikuser (ML) transmission from a
pluralty of devices, and ransmilling at leasi one single-user (SU) frame. One of more olher fames 1o indicale a firsl set of
Enhanced Distribuled Channel Access (EDCA) paramelers for use in accessing the madium {o one or more of the plurality of
gevices. Generating a first frame for transmission: oulpulting the one or more other frames for transmission: and a processing
sysiem configured 1o generats ihe first frame for iransmission. A first interface configured {0 perform the foliowing.

18,

The apparatus of claim 19, whersin the first inderface s configured 1o periodically output the first frame for fransmission,

28.

A second inlerface configured {o oblain one or more frames having an indication that one or more of the pluralily of devices has
buffered data, whersin the processing sysiem furiher comprises: 20, The apparatus of cleim 18, wherein the apparaius s
configurad to generate the first frame in response o the indication.

21,

The apparaius of claim 21, wheren the ong or mors oblained frameas comprise SU frames

d2.

The apparaius of claim 22, wherein the SU frame compiises al least one of a daila frame, a dala frame having a transmission
opportunity (TAOP) reqguest, & frame having gueue status information, or g contred frame indicating a TACP request. |

23,

Anguiving at least one BU frame from one of mode of the plurality of devices affer the fist frame and the one of more olhar
framas are oulput for transmission. 20, The apparatus of claim 19, futher comprising a configured second interface.

24,

A second inferface configured o acouire at least one SU frame from one of more of the pluralily of devices, wharein the
processing systemn hwther comprises: the acquited al lsasl one SU frame, 20, The apparatus of claim 18, fudher configured fo
generate a SU ransmission opporiunily (TXOP) grant, a MU TXOP grant, or an acknowledgment (ACK) frame in rasponse o,

28,

The meihed of claim 1, wherein the first frame comprises one of more backeff parameters for use by one or more of the plurality
of devices io confend for access o ine madium 18 The apparaius accerding 1o claim 18,

28,

A second interface configured to oblain @ frame from one of more of the plurality of devices, wherein the processing system
staris a back-off counldown rer basad on recewving the obiained frame. The apparatus of claim 13, wherein the apparaius is
configured to delay transmission of the first frame based on the backof countdown timer,

7.
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A second inferface configured to cbtain a frame from the one or more of the pluraiity of devices, indicaling a remaining backoff
ime associaled wilh one or more of the plurality of devices. Further comprising: determining, based on the remaining back-off
time, which of the one of more of the pluralily of devices is o be largeted using the fisst frame, The apparatus of claim 18,
wherein the apparatus is configured {o

a8,

A method for wireless communioalion by a device, whersin the device is configured o communicate with an access point (AF)
via muiti-user (MU} communication while g single user { Genersting a SU) fame and performing a medium aceess procedure
according o 2 first set of exended distribuled channel access (EDCA} paramelers while the device is configured to
commamnicale with the AP via MU communication. , Compsiing for access o a medium for transmission of the SU frame. and
ociipuiting the SU frame for transmission if the mediim s acguired,

28,
The apparatus of claim 1, further compiising: a transmilter through which the SU frame is transmilied, wherein the apparaius is
confiqured as a wirgless siation.

30,

18, The apparaius of claim 18, further comprising 2 fransmitier through which the first frame and the one or more other frames
ave transmitied, wherain the apparaius s configurad as an acoess goint,
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DESCRIPTION JP018808024

Abstract Cettain aspects of the present disclosure relale to station backeff behavior in gplink (UL muitiple user (MU operation.
Ceilain aspects of the present disclosure provide an apparatus for wirgless communications. The devios is generally configured
fo generale an unsolicted single user {BU} frame for ransmission {0 an aocess poibt (AP} while the device is configured to
communicate with the AP via an M transmission. And a transmission iderface configured 1o oulpul SU frames {hal have not
hesn requesied for transmission. Certain aspacls of the present disclosure provide another apparatus for wisless
communications. The apparatus generally includes a processing system configured to contend for access to the medium by
generating a2 first frame {o trigger MU fransmissions from the plurality of devices, and a second system for ransmission. And a
franspiission interface configured to culpul one frame,

04171 01251 1 will be undersiond that the claims are noi limited o the precise configuration and componenis ilusirated abowve,
Various modifications, changes and varations may be made in the arangement, operation and delalis of the matheds and
apparaius described above withou! deparling from the scope of the claims herein, Mereinafter, the invention described in the
claims of the present invention will be additionally described. [C1] A device for wireless communication, wherein the device s
configurad fo communicate with an access poinl (AP} vie mult-user (MU} communication. An apparatus comprising: a
processing system configured o generate a2 single user (SU) frame for fransmission to a first inferface; and a first interface
configured fo ouiput the SLU frame for frapsmission [C2] The processing syslern of G, wherein the processing syslem s
configured 1o contend for access lo @ medium for ransmission of the U frame according o 8 first set of extended distributed
channel access {(EDCA) paramelers. Eauipment. [C31 The fiist sel of EDCA parameters s an EDCA parameier used for
competing for access o the mediuvm when the device is not confiqured 1o communicate with the AP via MU communication. The
gevice of C2, wherein the device is different from the second set {C4] The apparaius of C3, further comprising & secoend
werface configurad 1o oblain the first and second sels of EDCA parameiers from the AP {C5] The processing system of CZ,
wharein the processing system is firther configurad 1o adjust the first set of EDCA parameters in response o delecling ane or
more conditions gssociated with MU communication. apparaius, [C8] The processing system ncludes a sacond set of EDCA
paramelers used to compete for gocess 1o the medium when the device is not configured to communicate with the AP via MU
coramunication. The apparatus of C8, wherein the apparaius is configured to adjust the firsi sel of EDCA paramsters by setting
the first set of EDCA parameters 1o be the same. {C7] The apparatus of C1, whersin the 5U frame comprises a dala frame, a
gata frama having 2 transmission opporiunity (TXOP) request, & frame having gueue sigius information, or & conirol frame
ndicaiing a TXOP request.

IC81 The apparatus of C1, further comprising a second interface configured {o oblain a SU TXOP grant, a MU TXOP grant, or an
acknowledgment (ACK) frame afler the transmission of the SU frame. {C8] The davice of C8, wherein the ACK frame comprises
an indication of the timing of Iransmission of & frame seni from the AF o tnigger MU iransmissions from the device and one or
more other devices [C10] The devies of C1, further comprising a second inferfzcs configured ic oblain, from the AP, a trigger
frame configured lo tigger MU transmissions from the device and ene or miore other devices. The described device. [C11] The
apparaius of 18, wherein the brigger frame indicates ene or more backelf parameters {or contention-hased access fo a medimn
for the device and the one or more devices. [C12] The processing system may starl a back-off countdown timer and maintain
the back-off countdown timer irespective of oblaining the tngger frame or regardiess of a successiul MU transmission triggered
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by the irigger frame. The gevice of €10, wherein the devices is configurad. IC131 The apparaius of 10, wherein the processing
syslern  configured e adjusi a backeft countdown based al least in parl on a8 sucsess or failure of the MU transmission
triggerad by the trigger frame. {C14] The processing svstemn of C10, wherein the processing system is configured to norease a
contention window for accessing the medium for SU transmission if the MU transmission triggered by the frigger frame is
successiul. apparatus. [C18] The processing system is configurad to adjust one or more backof parameters during & contention
for acoess to a megium for transmission of the SU frame, wherein the adiusiment is performed at a butfer al the device. The
apperaius of C1, basad on the amount of dala oblained IC16! The apperaius of C15, wherein he processing system s
configured 1o adpst a contention window size i the amount of data buffered in the apparatus i egual to oy excesds a threshold,
IC17] A sencond interface configurad 1o oblain one of more lrgger frames from the AP configured {o irigger MU transmissions
from the device and one of more other devices. The processing system is further configured to adjust one or more backof
parameters during a2 conlention for access o a mediun for transmission of the SU frame, the adiustment being receivad from
the AP The apparatus of 1, wherasin the apparalus is based on a freguency of the ene or more bigger frames.

{C18 The processing system is configured o adiust one or more back-off parameters during a conteniion for acesss o the
medium for ransmission of the SU frame, whereln the adjustment is performed on the SU frama. The deviee of C1, based on
fength, [C19] An apparaius for wireless communications, wherein a firs! frame is generated for competing for access 10 a
maedium o frigger 8 mulii-user (MU) fransmission from a plurality of apparatuses. An apparalus comprising: a processing system
configured; and 2 first interface configured (o ouiput the first frame for fransmission. [C20] The apparaius of £18, wherein the
processing system s configured o perindically generate 2 second frame 1o fnigger a MU lransmission from the phurally of
apparatuses, {0211 a second interface configured o oblain one o rore frames having an indication that one of more of the
plurality of devices has buffered data; The apparatus of C19, wherein a processing system is configured {o generale the first
frame in response to the indication. [CE22] The apparatus of C21, wherein the one or more ohlained frames comprise a single
user (5U) frame. {0231 The SU frame according fo ©22, wherein the SU frame comprises ai lsast one of a dala frame, a dala
fame having a8 lransmission opponusity (TXOP) reguest, 2 frame having queue stelus inforrnation, and a conbrol frame
ndicating a TXOP reguest. apparatus. jC24] further comprising a second inderface configured to oblain at least one single user
(EL frame from one of more of the pharality of devices, wherein the processing system furlher comprises: Generaling ong of
more frames to indicate {o ali other devices a first set of Enhanced Distribuied Channel Access (EDCA) parameiers for use in
accessing the medium ic send SU framaes. The device according o ©18, configured as foliows, [C23] 3 second nlerface
capfigurad 1o acquire at least one single user (L) frame from one or more of the pluralily of devices, wherein the processing
system includes: The apparaius of G185, further configured to generate a S transmission opporiunity {TXOPF grant, a MU
TROP grand, or an acknowisdament (ACK) frame in responsa,

iC268] The processing system is further configured o include one or more hackoT parameters for conlention-hased aceess {o the
medium by the pluralily of devices in the first frame. The device according to ©18. [C27] a second inlerface configured to
acquire a rame from one or more of the pluralily of devices, wherein the processing syslem performs a back-off counidown
based on the reception of the acquired frarpe, The apparaius of 019, configurad 1o stad a timer and delay irapsmission of the
first frame based on ihe backofl countdown tmer, {0281 A second configured to oblain a frame from the one of more of the
plurality of devices, the frame indicaling a remaining back-off time associated with one or more of the plurality of devices, The
apparaius of C18, fmther comprising: a second interface, wherein the processing system is configured o delenmine which
davice 1o largel using the firsl frame hased on the remaining backolf time. | [C29] A methed for wireless commupicalion by a
gevice, wherein the device is configured o communicale with an access poid (AP) viz a muitl-user (ML) fransmission, for
ansmission o the AP A method comprising. generating & single user (SU) frame; and oulputling the SU frame for
tranamission, {C30! The method of C29, further comprising competing for aceess 1o a medium for ransmission of the SU frame
according to a first set of extendad distribuled channel access (EDCA) parameters. [C31] The first sel of EDCA parameters is an
EDRCA parameler used for competing for access ¢ the madium when the device is nol configured o communicate with the AP
vig MU comimunication. The method of 380, whereln the method is different from the second set JC321 The method of C31,
further comprising obiaining the first and second sets of EDCA parameters from the AP [C331 The melhod of C30, further
comprising adiusting the firsi sel of EDCA parameters in response 1o delecting one or more conditions associaled with a MU
comvmunication. [C34] The coordinaling comprises: a second set of EDCA parameters used o compeie for ascess o the
medium when the device is nol configured i communinaie with the AP via MU communication. The method of C33, comprising
selling {he st set of EDCA parameters o be {he same as;

{0351 The melhod of C28, wherein the SU frame comprises a data frame, a data rame with a fransmission opporunity (TXOF)
request, a frame with queue status information, or a control frame indicaling a TXOP request. [C36] The meathod of C2¢, further
comprising oblaining a SU TXOP grant, a MU TXOP grani, or an acknowledgment (ACK)} frame afler the transmission of the SU
frarne. [G37] The method of C38, wherein the ACK frame comprises an indication of the timing of ransmission of a rame sant
from the AP o frigger a MU fransmission from the device and one or more other deviges, HE38] The method of C29, furdhay
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comprising obizining a ngger frame from the AP configured o irigger a MU fransmission from the device and one or more other
gevices, {0381 The meihod of C38, wherein the brigger frams indicates one or more backoll paramsters for coniention-based
access o a medium for the device and the one or more devices, [C40] hnther comprising: oblaining a irigger frame or starting a
back-ofF counddown timer regardiess of a successiul MU transmission triggered by the frigger frame; and maintaining the back-
off countdown timer. The method described in C38. [C41] The method of G338, further comprising adjusting a backof counidown
pased al lzast in par on a success of fallure of the MU ransmission riggered by the irigger frame, [C42] The method of 238,
urther comprising morsasing 2 confention window or accessing the medium for SU fransmission I fhe MU fransmission
triggerad by the bigger frame is successful. [C43] further comprising adjusting one or more backelf paramelers during a
contention for access o & medium for fransmission of the SU frame, whereiln the adiustment compiises an amount of data
buffered at the device. The method according to €28, based on [C44] The method of €43, further comprising adjusting a
confention window size If the amount of data buffered al the device is squal o or grealer than a threshold. [C45] oblaining one
of more ingger frares rom the AP configured to frigger MU transmissions o the device and one or more olher devises, and
ransmitting the S frame, Adjusiing one or more back-off parametars during a contention for access 1o the medium, wharein
the adpsting is based on a frequency of the one of mode trigger frames received rom the AR | C28.

iC48] adiusting the one or more hackoff parameters during a contention for access (o a medium for ransmission of the SU
frame, wherein the adiustment is based on g length of the SU frame. The method described in C28. [C47] A methed for wirgless
comvmunicalion by a device, compeling for access to 2 medium by generaling a first frame o frigger 2 mulliuser (ML
fransmission frorn & phurabity of devices, And culfputiing the SU frame for fransmission (048] The method of 47, furdhar
comprising perodically genamating & second frame {o frigger MU fransmissions from the plurality of devices. {491 oblaining one
or more frames having an indication that one or more of the pluralily of devices has buffered daia; and responding o the
indication, The method of C47, further comprising: generaling & frame of [C50} The method of G438, wherein the one or more
obtained frames comprise single user (SU) frames. [C81] The SU frame according fo C50, wherein the SU frame includas at
ieast one of a date frame, a date frame having a transmussion opporiunity {TXOP) request, a frame having queue sialus
formation, or a conirel frame indicating a TAOP raquest, Method, {C52] obiaining at least one single user {SU) frame from one
or more of the plurality of devices and using the medium 1o access the medium lo send the & lzast one SU frame, C. generating
one of more frames o indicate a first set of enhanced disiribuied channel access (EDCA) paramelers to all other devices, [C33]
obtaining at least one single user (8L frame from one or more of the pluralily of devices, and respondging o the SU frame, SU
ransnussion opporunity {TXOR) permission, U TXOP parmission Or ganerating an acknowledgmeni (ACK) frame. iC54] The
meihod of C47, unher comprising ncluding, in the firs rame, one or more backefi paramelers for conleniion-basad access o
the medivm by the pluralily of devices,

IC55] acquiring & frame from one or more of the plurality of devices, stanting a Dack-off countdown timer based on receplion of
the acguirad frame, and hased on the back-off counidown imer The method of C47, further comprising: delaying ansmission
of the firsi frame. [CE8] obiaining a frame from the one of more of the plurality of devices indicating a remaining back-off ime
assemated with one or more of the pluraidy of devices; Determining which device is {6 be largeted using the firsi frame based on
# backof time. [C57] An apparatus for wireless communication, wherein the apparaius is configurad to communicaie with an
acoess point (AP) via mult-user (MU communication while a single user for transmission to the AP An apparatus comprising:
(SUY means for generating a frame; and means for outpulting the 3U frame for ransmission, [C58] The apparatus of C57,
furiher comprising means for competing for access o a medium for transmission of the SU frame according o a first set of
exiended distribuied channel access (ERCA} parameaters, [C58] The first sel of EDCA parameters is an RCA parameter usad
to cornpete for access o the medium when the device Is nol configured to communicate with the AP via MU communication.
The device according io C58, wherain the device is different from the second set. [C80] The apparatus of 888, furdhar
comprising means for obtaining the first and second sets of EDCA parametars from the AP [C81] The apparatus of C5%, further
comprising: means for adiusting ihe firs! set of EDCA parameters in response o delecting one or more conditions associated
with MU cornmunication, [C82] The means for coordinaling comprises a second ona of EDCA parameters used o compele for
access 1o the medium whan the devics is not configured 1o communicals with the AP via MU communication, The apparatus
acoording to CG1, comprising rmeans for salling the first sel of EDCA parameters io be ihe same as the set of EDCA
paramelers. [CE3] The apparatus of C57, wherein the SU frame compiises a data frame, a dala frame having a tranamission
apportunity (TXOR) request, a frame having queue siatus information, or a conirel frame indicating 2 TXOP request.

iC84] The apparatus of G587 further comprising means for oblaining a SU TXOP grant, a MU TXOP grant, or an
acknowledgment (ACK) frame after the fransmission of the SU frame, [C8S8} The device of C84, wherein the ACK frame
comprises an indication of the timing of ransmission of a frame sent from the AP 1o trigger & MU transmission from the device
and ong or more other devices, {CBE} The device of C87, further comprising means for obtaining a irigger frame from the AR
configured to trigger a MU transrission from the device and one or more other devices. 1C871 The device of 088, wherain the
rigger frame indicates one of more back-oif parameters for conlention-basad acess o a medium for ihe device and the one or
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more gevices [C881 Further comprising means for initiating a back-off countdown timer and mainiaining the back-off counidown
e regardless of oblaining the irigoer frame or succassful MU lrensmission biggered by ihe trigoer frame, The device
according o €68, [CBY] The apparatus of C88, huther comprising means for adjusting a backoll countdown basaed al lsast in
part on 8 success or faillure of the MU bransmission iriggered by the frigger frame. [C70] The apparsius of C86, furlher
comprising means for ncreasing a contention window for accessing the medium for SU wanamission if the MU transmission
triggered by ihe Wigger frame is successfull [G71] further comprising means for adjusting one or more back-off paramelers
guring 2 condention for access fo a medium for tansmuesion of the S frame, wherein the adiusiment comprises daia bufferad
ai the device, The appargius according to C57, based on the amount of the, {721 The apparatus of 71, further comprising
means or adjusting a contention window size f the amount of daia buiffered in the apparaius s equal {0 or exceeds a threshobd,
iC73] means for obiaining from the AP one or more trigger frames configured to trigger MU transmissions from the device and
one of more other devices, and transmitting the SU frame Means for adjusting one or more hackoff paramelers during a
captention for access o the medium for the adjustment of the one o more irigger framas received from the AF The device of
C5Y, based on the frequency of

ICT74] Further comprising means for adjusting one of more back-off pararmelers during a condention for access 1o a medium for
tranamission of the SU frame, wherein the adjusting comprises adiusting a length of the SU frame. The device of C57. {C75] An
apparaius for wirsless communication for competing for access 1o a medium by generating a first frame (o trigger a mulli-user
(ML} transmussion from a plurality of apparatuses. An apparaius comprising means: and means for cultputling the first frame for
transmission. {C78] The device of G735, fwther comprising means for periodically generating a second frame to irigger M
fransmissions from the pigrality of devices, [C77] means for oblaining one or more frames having an indication {hat one or more
of the plurality of devices has buffered data; and responsive o the indication, 75, The apparatus of C78, further comprising:
means for generating a first frame. [C78] The apparatus of C77, wherein ihe one or more oblainad frames comprise single user
{B8U) frames. [L78] The SU frame according to C78, wherein the SU frame comprises at least one of a dala frame, a data frame
having a iransmission opportundy {TXOF) request, & frame having queue sialus information, or a condrel frame indicating a
THOP reguest. apparatus. [CB0] means for eblaining &l least one single user (SU) frame from one or more of the plurality of
devices, and accessing the medium 10 send the #l least one SU rame, Means for generating one or more fames o indicale g
frat set of enhanced distribuled channel access (EDCA) parameters for use to all other devices, | {C81] means for acquiring at
ieast one single user (SLY) frame from one or more of the pluralily of devices, and SU iransmission opporiunily {TXORF)
pernission, MU in response o the SU frame. Means for generaling 8 TXOF grant o acknowledgment (ACK) frame. [CB2] The
apparatus of ©75, further comprising means for including one or more backe!l paramelers for contention-based acoess o the
medium by the pluraiily of devices i the first frame. .

IC52] means for acquiring a frame from one or more of the plurality of devices; and starting & back-off countdown timer hased
on the reception of the acquired frame, C75. The apparatus of clgim C75, further comprising: means for delaving transmission of
the first frame. 0B84] means for oblaining a frame from the one or more of the pluralily of devices, the frame indicaling a
remaining back-off time associated with one of more of the pluralily of devices; Means for using ihe first frame o detenmine
which device to {arge! based on a remaining back-off time, [C85] While the device is configurad {o communicate with an aceess
point (AR via multi-user (MUY communioation, generaling a single user (SU) frame for transmission o the AP Quiputling the
SU frame for storing a compuler readable medium. (C88] competing for access to the medium by generating & first frame to
irigger a muli-user (MUY transmission from a plurality of devices: and the first frame for transmission. A computer-readable
medium that stores insiruchions for eulpuiting and for performing. [C87] A sialion, comprising. at ieast one anlenna, and a single
station for ransmission io he access point (AP} while the station Is configured lo communicate wilh an acoess point (AP} via
muiti-user (MU communication. A slation compiising. a processing syslem configured to generaie g user (SU) frame, and a
ransmitier configured to fransmil the SU frame via the sl lsast one antenna. [C88] An access point (AP) comprising: & least
one antenna; and seeking access 0 a medium by gensraling a first frame 1o Wigger a multbuser (MU transmission from a
piurality »f devices. An access point, comprising & processing system configured to conlend with the first frame, and a
transraitter configured to fransmil the first frame via the 3 least ene antenna,
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EOISUZ7L—bLZ2EMT 2L R EAMTEMAFLLE, A EL1IDDT7 ¥
FFEAHALTSUZ7L—A2XET2LE5 RS EGERLEEEAT S,
[0016]

[0016] HAHEAROH IR EQOERIT, APZEMITIZ, APIZ. —fic, P EDH ]
2OTFT v TFFE, BEOEELPLOOMUEBE2 MYV T2RbIc, B1lDO7L—56% 48K
TA2ILRI>2THE~ADT7 7 AZRDODTHETALIICHER IO AT AL,
PHEAELTID2DP v FFEZALTHIO7L—L2EETZLICERELEEZEHL
EEHBB.

[0o01 7]

[0017] LEROoBIUCMHETZIEHNOERD DI, 1 2F - 3HE0ERIZ, TET
taicEHI oA RoBBECETIRICERI W IFEEMA TS, THOH
HMELUCBEMHENAZHER., 1 2F23EBOEED D 2 FEDH R4 FEEFEHICE
My 2, LbLAads, ZhooBHE., AL EROERPHw B2 R FED
FLDBEADEMNERTLOTHY, KFWHIE, 2T iIhEBES LIV ZH60H
Emeragb I LB ERENL,

[ 12 o i 7 B )

[0018]

(B 1) [0018] W1, AR DOH 2R EDEMICHE-L, 7AFYLAFERBRy b7 —
yoflEHRT 5,

(2] [(0019] R2iE, ABMFROH2BEOEKICHESRL, P2 AFL L+ (AP)
Brvta—¥HEOHDO Ty yETH B,

[K3) (00201 R3E, KT OHL2BEOERBRICHE-L, 74T LATFAN, 200
7oy 2ETH B,

[4]) [0021] WA, ZMROH LR EDEBRICHE-> 2, B2 —+ (MU) @EoD
OO 7y 70y 2 (UL) #2090 »27 (DL) 7v—5aLBoflzs®rT 3,
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[K5] [0022] K5, FETOHL2MHEORBMRICHE-, 74X L ABERGFOEDOOH)
fFoMo7o—-—KTtH s,

(M5 A)] [0023] H5AE, MSicAndnzMmmEL2TI s FREoMNEZRRT
5.

[F6] (0024 e, AR OH L EOERICHE-72, UL/ DL7L—46%K%
HMrdsHopchd s,

(7)) [(0025] W7, ATFOH2BEOERICHE27, TAXLRAERE0oLdDH
koMo 7e—-HTtd s,

(7 A) (0026] BAI7 A, I7IKRENZBELZTILPUAELFEOMNEZRFT
b,

[0019]

[0027] HfMEEBICT L0, WHAESE, RECKEELTVEE O EE L HE
T20CA—0o2RESVHEHIATVS, I 20EBEBETHRAIh S EREF, BE
WaHHHEERLL LS, MOoEBHBCEBCTHENICHNHEIAWAB2 B THERD,
(G4 B )

[0020]

[0028] AT oML LEEY, BHoREMICHLTTRECIY+FdEPsE, L
LB s, KEFE, 2{0RZIBECER{LLILE., skt ELTREINS
TEROHRENAMEZ L EBEBECREIL2bDEMRINIRNETHAEZL, LS, K
MrPHEr>RELIOLEY, ERAMTOHBEELYEZTIC T DICEABZZ LN TE
ZhHk, ChooBREPEM®EI LS., AHABICBTIERICEITOT, YEFIF, K
flaAofEs, ML THESh L) EEARMIATOEBEOMOBERLEHMAGD SN THHS
nrkHrE, FHMHETCHBHINI2MAOEHMOBREE I AN —TEL2ZMELTVWEZ L
EHRTERETHZ, AR, FHMBHCERIW2EEoHOBREZHERL T, #EiE
BEEIIEZD, L3 AEPEHcAE 2, MA T, BROMMIZ., AT ICER
EnsfroLshBRICMATERZBZ0DA0, oK. BE., $-2E3BEREB LT
MExzfEHLTERA IS, COL)REAELEAEEA A —THIELEZ2BRLTWV S
s AHHIECTHA I AMAOEEOEMIE, FRkHo | 2 k0 EEIC L, TH
HLE B2 LtPBERINZIRNETH D,

[0021]

[0029] #HPTFOEMHFE, —Mic, Py 7V 27 (UL) Efia—+ (MU) 7ot o
MicBIBBE7 72722 EA4 ) (AP) B8LURE (STA) OBAEBLIU Ay 24 7%Hic
s, APMH LY FMcFTEWEINE LI, MUBIEICERTASTAER, BEHES
NTw&Hie (unsolicited) > ¥ Zna—# (SU) EE2E2 00 chh s,
AP, MUY HFZ7L—b%kdshdic, BE~07 722 RdTHELEBE, 5
FaEOERICHE-T, APE,. A, SUBLIUMURBOLOOBETHT:T»FALT
72A (EDCA) A5 2A—%%FMMTIactict>T, MUZEEZEHEL T (in favor
of) . SUXBoEEEE T (deprioritize) # 5%,

[D02 2]

(00301 THAFRIAE, Lw) HEER, AHMECE "H, #ZHA, 2307 LToE
MERET ) EI BRI E, "HIAM) THEELTAHEHTCHHI L ZI(T
HOBEY, ¥ LLMoERIVLEFFLVWELRAN O LMRELZRETHL
[0023]

[0031] HTOEMRPAHHECHHEINLIY, CHLo0EHKoE{ DAY -2 3 ¥
BILXUOKUOEAY., AHAOMBENICEENS, FELVEKOW 2O ML L '
e nzd, RrsoMMMAEE, FEORE, fH, TLEEWKKREZNEZ L E
BREILAWL, LS, AHFORBEE, RE274 L AN, >2A7FL5ME. 2y +7
— 7, BIUEB o balr Bl EHATETHEILZEBRLTED, 200 20
CEHRBEIUCHFEFLVEROTEOFEMICEBLTHELTRRENS, FMAFEME L O
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MEE, RETZ2LDLLELI2PLAEAMAEZARTZLOTHY ., AT OHM I, HH
ODERHBIVZh o0 FYHPILEI->-TERBI N TV S,

[0024]

[0032] FAHMHFCHMHEIAI2EEE, EXFHEMLAR K ITCBR AT A2,
ek 7o—FARYyFA Y LAEBI AT LODICHEHENES, 20k hERY
ATLOMIZ, ER o8 % cER (SDMA) 274, Bo#S$TiER (TDMA) &
AF L, BEBEH#EcESR (OFDMA) Y2574, BXUs»ZrFv ) 7k
Boa#%ntES (SC—FDMA) 2708 %&68, SDMAYATF A, H#Ho2—¥F
MARKCBTI2F—y2ARBIKES T i, tHKKBRZ2FmzHHEL#ES2, TDMA
AT AR, BERBSE2RLS VA LAy ST A I ERREST, BB O — ¥
EBRUEEEF 2L EEET 2 LA2AEIILE, #4020y FiE, R bda2—
HELLHDIY TN, OFDMAYAF LR, YATLERE G2 UKo ERY 7
Frl TR TIEFEETCHE., EXHEHE #ELE (OFDM) 2fET 2, 22
SO T NTE, b=y, ErviEtsBEn#Es, OFDMTHER, 4 7%+ 7
i, T2 EeHIcMAE L TE#HINBEEZ, SC—FDMAZT AT AR, ¥AFT AWK
blhotoHin2zd 7F+ V7 LTcEBT 2O IKA 2P —)—7TZhEFDMA (1
FDMA) . BT 7Fr V707 0y 2 LB Isdbiio—hF4 X3k
FDMA (LFDMA) %2, $EBETLIH T Fx )V 708HE0 70y 2 LTEET S
oICHEENh72FDMA (EFDMA) #HHLEZ, —#Mtic, Zi#e X niz, OF
DMZRwovTHEHFAK T, SC—-FDMAZHLTHBEEK X 5,

[0025]

[0033] AWM BICBTLIHEFERF, A LH7AY—FELE7AYL 28R (02,
J=F) kllaAzhEs (A2, ghhooflicREIhdzd, FLhEEhoillaT
fibha) , w{2rp0ERTE, FHMBICBTI2H T THEZNEZT7ATL R
J—Fi., 7722284y 5377 A WMEEMAB S,

[0026]

[0034] 72 xAFXA b+ (TAP, ) &, /—FB., EHFv 7 —2Zavio—7
(TRNC, ), #B®M /) —FB (eNB) , ##i@da>vtuv—35 (TBSC, ) ., #il
b= (TBTS: ) B8 (TBS,) . b3 vr— @@ (TTFJ ) .
EHAL—Y, EBE LTy -, R=—2 vy 72—V Ry (TBSS,y) . Biky—V
Aew bk (TESS, ) . MEHEHLME (TRBS ) . FEMorofioEMBEELL
THoeh, HExh, -3 zho2MABs,

[0027]

[0035] 72728k (TAT, ) &, MAHFR, WAF2=v b+, EALLEH (MS
) . EWEE., #HEWE, 2 —¥EE (UT) , 2—Frx—Yr2vb, 2—FFN4 2, 2
— R (URB) , 2—¥R. s -dMohofioEMBEEL LT, FEEIH, F
EE Lo EZMAME, 20 ERETR, TI/7RAMERZ., A SEHEF. a—FL 2
BE. evavfB7 obanr (TSIPy) BEF. 747 2u—iil—7 (TW
LLy) R, HHE#EE (TPDAy ) ., 74V AERBEIEZAETZAYFAL T
WAAR (TSTA ), LR I7AXVATTACERSIALMS DOl oiE s n
BMITRNAL ZAZMAME, tkoC, AHEBECH TSI 1 2 3EBEOERIZ. B (
MEzEE, AT 24 FELBAR—F74>) , avEa—% (MAE. vy 7 Ly 7)
Ty b, B TRLBEBTAAR, =¥ NarvCa—-Fav7FA4R2 (AL
i, BEBHRER) . v ¥ —FA v Ay FRL 2 (WAE, TRELRBRAEF AL 2

bHborVWEHEES A . 2MIRAMGEIRAFA (GPS) FR4 A, A0 ET74FPLRA
FLET7AY—FlREEEZALTHBTIZ2LI MR I LEBOo@E 2 74 RICHl
ARAENEDZ, WO OEHE TR, ATIZ, 74FY LA/ —FThbbhHE3, ZDkih
TAXYLAI—Fi,. IAZAE, 74 —-VFE2RB74AYVRAREBBY I 2N TEF2y 7
— 7 (A, v —F v rEBEALIFEFy b7 20k EBREAYy P 7 —2) @
dd, FhEFy PV —r~0ERERMELE S,
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[0028]

(P4 L RAERBL AT LDH]

[0036] M1, ZAEAFOBHESITOLIBEICATALATIOO00R2RATZ, AR, 2—
ik (@i, BELESTALLEhE3) 120, wAF2—+% (MU :nult
i-user) EREEMNMLT72AFXAL 1 10 LBERETZLIICERINEZ, 2 —HFik
Fl120BEE, 722FA4AYF]1 1 0~DERBOoRLDIZ, BFIhTwhovery I
2—H (SU) Zv—ALZ24ERT B2 L2 BLEBZ, P7AEAF110EFE

2—HFWREI20KMUMNIATZL—Lz2EL-0Ic, BFE~DT7 722 KD THSE
L3,

[0029]

(0037] ¥AF A 1008, @i, 772 EA4A vy BV 2—VHEEEHOEZST
B ATSEZHEN (MIMO) A5 A4100THBS, M@Elkodic, 12077
EAXRA P11 00ABPHILFTEINLTVE, 772 AFX, »FaRERE, 2—FHHEL
HEEITIHEERTHY, KR 2 3MeoroftoWMBECLBITNE 2. 12—k
. BEEFEEERLAATHEIH, EXALVE, 74V LAFAA R, $HEM05 001
OWMAHETLRIINB L, P72 EAL P11 103, o0 v 2807y 7Y v
sEo, EROFEOBEMBICI 2302 —FHEELl 20 L E8EFLE2, ¥
v2 (Thbbt, BHEAVYy2) B, 7222 L4 v b —FHEE~0HE) 2T
HhH, Py 7Ny (¥bb, HiAEMY)»2) B, 2—HFEEzELET 2 AEL b
OBV VY7 THd, 2—FhmKiEEh, loz—-¥FEEKLE?7 - v— - E7THELE
5,

[0030]

[0038] +RAFLavybu—35130E. choDAPBLIUD  $H-l3fhosr R F AHiC
HlTtHEAsEIUOHMAzEMELE2., AP, MAE., BERAEHREH, v 320, R
LVBETEF L) TFAO0RDOHEBETVUHEAYAT ALY IR —-F 13 0KETHER
Ehfas, AFLa2rxbo—5130, Ny 2F—NE2qHLTAPLEELES, A
PldgEh, AR, 7AYLAEREBTIAY—F ANy Zh—ZH L THENICS S
WIHEENICHEWIZHEELE 3,

804 1]

[0039] TioMro -8, oW EIHER (SDMA) 24T 3HEEXIELE2
— Kl 20%3HWT 24, b2 EOERTE, 2 —FHEI 20EFFE%, SDM
Az E—F LBV obO2—HFiHEZ2EARB 2, LoT, 2Ok LBHRTIZ, A
P 110, SDMAZ—HFEFELIESDMAZ—FIEEKoMAE LEETZ L5 MR
Ehf@s, Co77u—F@, IOHLVSDMAL—FHENEY LA L ETh B L B
Az tEAflLAPe, bR —Yavoa—HFEE (TLFe, B) »
HEBMINFETZ O L2HMARTRICLE., 2o HEHRE2T EEIZT,

[0 048 23

[0040] 2 2F L1008, FI2 V2B 7Py 7V 2 LtoF— 3Bk
MBORB7 7T I BIUVHE0ZEBET T T42Hw3, 727 AFLvF1 10, N
ap BOT7 YT ZEML, ¥OI YV vy I7XBOREBOEAN (M1) &, Ty T )7
XEorkvosMh (MO) L& T, BRENWELKBEO2L—FHEI 20D+ v ki,
E£EHEMIC, Yoy v rEBokvoEHhE, Py 7))y 2880 kdb0F ANz E
T, #MilkZzSDMATE, KAOo2—HFHEOLODOF—¥> v AL AP —4H, 5
DOFRICE->T, a—F, A%, s-aBcsEbshTtvwiuEA N, , 2K
21 2FF3PEELw, TDMAEE, COMAZHWwWERAZa-FF ¥ 20,
OFDMZHHWwWEHEWILELRY A Foy bR EE@BHLT, =% HILA LY
LDBLBEMENDZIENTEIRAE, KIZ, N, , kbbb RkE{ADPE, EEREL
a—¥mER. T2AFfvyirica2a—YEHEODTF—F2ERBL, B0 581377
tARA v o2 —VTEHEOF - ¥ 2ZET2, —#Mic, FER I —FEHEE,
125 @8EE (bbb, N, , 21) 07 7+ 2¥8MLES, KHoRRank2
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—¥FiiEXE, AL ELERL22807 7+ 2ELEB5,

[0 08 3]

[0041] +AF A 100, Bo#HEEE (TDD) »AFAEEEkHoHEE (F
DD) A5 AThHEB5, TDDYAFATR, F9 Vv t7y Y273, AL
M BiEE 2633, FDDAFALTR, #2027y 7023, B3R
WHEHEAEFERE T2, MIMOYZFA410013 4k, XfE0dicl—F 2 ) 7ERid
M X+ 720 LE, S —FEEE., (A2 EF, 2228 MA300100) K
—DTFTryFFrE, £E3 (A, BEMoaR B R—Lr3nBagaicilk) o7
YIFFEREMLES, 2Kl 2088 L3948 A0y PICEB/ FEEsMT S
CERE-oTRALAEBEF y#FLEEETIHE, YATAL100&FERL, TDMAZ R
FTLTLDHDIY, /A LAy Mz, RAada2—FHEKL20c#ADHE TSNS,
[0034]

[0042] B2, M1 CERENZAP 11 0B8L0UT 1200avyf—32¥Lta
MlERRL, choeid, AHTOBREEBIz-0iciBERB2. AP 1108
CUT 120012 H0avy R —Fr b, AEFOEREFEETZ LS I
Mengz, iz, 72AfAfy 11007573224, Tx Rx222., 7
ney# 210, 220, 240, 242, BXU¥//gskEartrto—-—523011. £H
MimcHHIh, 7820 7ACBLTR RS2 F2 T -2dicEHINE2, [
Bic, 2—¥HmEkl2007 54252, Tx Rx254, Fuoxy#+260. 27
0, 288, 290, BXU/FHidaryito—35280E., APAHcHEPEIN, W5
BLIUSAKBHMLTIR RS 282 icfEHIABS,

[0035]

[0043] M2, MIMOYRAFARKEBUS, 727 AFfA4A>»F110, 2202—F
WAl 20mBL0120x07 0y 7REZRAT S, 772A£A4»F110@, N,
Horr7r224a~22d4apiEMLTVE, 2—-FMEKI 20miE, N, L
Ho7ry7r252ma~252muz¥fiLT®E8h, 2—HFHEKI 20x&, N, |
«MHMo7riFr2s62xa~252xuz¥EMLTVE, P72¥AFAF1101E, ¥
GNP IEDWTREBZ YT 4T 4T, P79 )22V TRERBIYT AT
A THE, B2 —FHEK120., Py TV rI7R2LVTREBIVYF4FATHD, ¥
TN IOV TREZERBIYTAT4TH2, AHMHCOHAZIRZ LI A TERBT
FATALE, 74FLAF 22 A 2N LT TV 2EE TR VALl L THIE
TARERBTLBEITFTAAATHD, TBEIYF4F41 8. 79FLVAF ¥ FLEMRNLT
F=—92REITHILEPNEBAMEL CTHETIEMREALABTNNLAATHE, TEROBHM
T, THEOXF "dn, BF 2V 2%FL, $2TFREOLFE Tupy B7 v 7
Dy 22RLTED, N, MHOo2—FEHEEB7y 7)) 7 LOAKEAFO O ICERS
n, Ny ,Boa—-¥FEEBPIy I ) v 7 LoRKBEFOLOIERSH, N, , . N
an EELLDLFARE LA VABENSD. N, , BEUN, , & 22—y
SRR LICHEN 2T B2, 23 ELLES2, C—LRAF7PYV >y FERiEIMs
OO ERMEEEY, P72 ARA4 s8I0 —FRHATHHEILE S,
[0036]

[0044] 7w FYV ¥ 2 kTR, 7y 7V 27 RBoLb BRI EEa—¥FHELD 2
QlcsBnT, FE (TX) F—¥97FuttyH+ 2881, F—¥%¥V—2286056F+774
y 2 F—F%%, avyitu—52800ofMFT—YERETS, aru—7280Ik,
AEN282LEEEEENEE, TXT—¥7 oy 42881, 2—-FHREOEDIZER
Enkrv-—tricldlifonka—-F4 v PBIPEFRAF—LIcETVLT, 22— WK
DEODEFF 74y 7 F—2ENE (PIZE, LK. A% —-0—-7, BEUOEH) L
VTF= RNV AL) L RET S, TXZEB 7oy 42901, 20F—%> >
AVAFY)—hLTEMAEERFY. N, , ,HO7>YFF0okdizN, B0
Brvy®qALALP)—L 2T 2, EXEBH 2=y (TMTR) 254, 7y 7Y
JIEEEERTIEDIE, FRNFTHOXEFL>YyFNAM)—L2ZBE8 00 (f 2
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TIurZr~oEf, M@, 7440807, R 7y 7ar3—+) ¥5, N, (|

nHOXEH2L=v 2543, N, , HO7PvFF+252h672LAX4vtic
RET2EO0,. N, Ho7y 7V 2E@85%2#EHT 3,
[0:0:8 7]

[0045] N, , o2 —FEKE, 7y 7V 7 LOAREBOLZDICA Y Y 22— ¥
raniz, 02— WHEDODELAE, 2OF—FL yRILALY — A ETCERNE
W, Py 7NV 2 FTFOERB vy LAY —LDEy P2 72 RAEA > b IciE
B8t 3,

[0038])]

[0046] 727+ R KL Y1 10KBVWT, N, o757+ 224a~224ap
., 7y 7y 2 ETtREBIEELETON,  Hor—FhEXroso7y 7N VISR
BT3, 877122483, ZBLEEE2 2 ThoZEHE2=v}F (RCVR) 2
22 CMTE, EZERa_ vy 22213, EEMaI vy r254itkoTTTbED
Dl L CHABEMALE2T v, Z2EYRAAVLRA P L 2BHET S, RXEM oy
4240, N,  HoZERar=v t222»50N, MHOZBLYE LAY —A4
LeoZEHRERAME 2T, N, Hofitshk7y 7V 27F -9y >R LAY —
LERMET S, ZTEREMOLUEEZ, FrFLHEBE~FP) 2 2KE (CCM1) | RAFEH
M (MMSE) . Y7 FTHIBRE (SIC) ., sHEfdodrofiofEici#-sTHF
bhz, BULE LTy TN 2F =32y RLAMY—ALE, ZRFhoa—FiE
ko TERBENLEF— 22 v A NVAM)—L0fiETH 2, RXF—F%¥ 7oy 424
2@, DALYV —ADEDIEHELEL—- -2 T, B ENEF—72NET 3
Folc, ST INETy TV 2 F =8 vy RLAFY — Nk, W (AT, BH,
FAryy—=—N—7, BLUH#HE) 32, fa—H¥wmEordbofIisSahky—7iz, B
DEBDILF—Forr244ic, BEUO /53300 Bobicaryitn—523
ORI hB2, 2P —%23013. AEV232L@BEe3ngs,

[0039]

[0047] #Fo vV ¥ 2 LkTl, 72 AF4 P11 0KKEWVWT, TXF—%70xy
#2101, F—9%V—R208h6. ¥y v 2k Bokdicarda—)virah
ENy Moz—-—¥EEorkdo 774925 —%%, avbtn—72230psH#7
—F R, FEEAILEoTRRY P2 —5234ooF—92RET2., ey 4
TOF—%H, Bh3 b5 v2E—rFrrrlboton@z, TXF—¥7Tory#+2
10, F2—FHEDEDD LI 74 v 2F—9%2, ZO2—FEOLDITHERI N
lrv—FPicEToTRE (IZE, 5. Ay —=—0—=7, BLUZE#H) ¥5, TXF
— ¥ 7uryH2101EF, Ny, Box—¥HEOLDEIN,, ,Bosyr Vi 7F-%
PYERNMAPY—LERETSE, TX%EM 7oty + 2201, N, ,Bo¥yr v
F=2> R VAP —LbET (KRB THEHEWEZ TV a—F 4 P EhiFE—
L74—3v7o0k5%) ZEHABEZTH, N,  Ho7ry75okzdicN, , BOXE
SUYARALAPY—LERBETE, EEEH v 222, YOV IERELERT
hwic, TNTROEBS vy RAAA M) —L2ZEBLITLETSZ, N,  HOXEH
2=y t222i, N, ,@Bo7vFr224ahrsa—Flhk~oEkfGordicN, , @
DYV ERERET S, fr VKoL boEBEIhETF -5 3. BEROE®
K F—=Fe 2272, B0 /g3 ¥cdiBokdicaryia—5280K#k
fftxhis,

[0040]

[0048] &1 -—-FMkK120kE8wT, N, , MHorrsy+2s5213, 7272 f
AFP110526N, oY) >rrE822ET2, 82EMH2=vy 2541,
e eohk7ryr7F 252002 EBEEFEMBL, BB vyFALA M) —L T
3, RX%EM 7oy ¥%260. N, , ,fAoZEK2=vyt254»h6DN,
nHOZRERLr YA AA P —LLTEZEREMALEL2TV, 2-VHREOL-OOHELI N
9NV 2 F—=9 vy RAAAM) —L iRt d 2, ZEMREMABE, CCMI ., M
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