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(57) ABSTRACT

Methods and apparatuses for scheduled link muting at an
access point. An access point (AP) multi-link device
(MLD) comprises a transceiver and a processor operably
coupled to the transceiver. The processor is configured to
generate an information element (IE) configured to indicate
unavailability of a link, the information element comprising
an indication of a duration of link disablement; and when a
value of the indicated duration of the link disablement has
elapsed, enable the link, wherein the IE is included in a
broadcast frame, and the transceiver is configured to trans-

mit the broadcast frame.
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METHOD AND APPARATUS FOR
SCHEDULED LINK MUTING AT AN ACCESS
POINT

CROSS-REFERENCE TO RELATED
APPLICATION(S) AND CLAIM OF PRIORITY

[0001] This application claims priority under 35 U.S.C. §
119(e) to U.S. Provisional Patent Application No. 63/
233,128 filed on Aug. 13,2021, U.S. Provisional Pat. Appli-
cation No. 63/251,414 filed on Oct. 1, 2021, U.S. Provi-
sional Pat. Application No. 63/277,401 filed on Nov. 9,
2021, and U.S. Provisional Pat. Application No. 63/
300,509 filed on Jan. 18, 2022, which are hereby incorpo-
rated by reference in their entirety.

TECHNICAL FIELD

[0002] This disclosure relates generally to scheduling link
muting at an access point. Embodiments of this disclosure
relate to methods and apparatuses for enabling notification-
based temporary termination of service from an AP on a link
to one or more non-AP MLDs or STAs, while also providing
sufficient information and features for STAs to minimize
their degradation of service.

BACKGROUND

[0003] Wireless local area network (WLAN) technology
allows devices to access the internet in the 2.4 GHz,
5 GHz, 6 GHz or 60 GHz frequency bands. WL ANs are
based on the Institute of Electrical and Electronic Engineers
(IEEE) 802.11 standards. The IEEE 802.11 family of stan-
dards aim to increase speed and reliability and to extend the
operating range of wireless networks.

[0004] IEEE 802.11 be supports multiple bands of opera-
tion, where an access point (AP) and a station (STA) can
communicate with each other, called links. However, on
any band/link, an AP may be subject to transmit power reg-
ulations and furthermore may need to suspend operation
temporarily if it detects an incumbent technology that is
operating on the channel with priority access, e.g.,
RADAR. In addition, for the purpose of fairness of access,
the AP may also desire to identify and cease service to STAs
whose traffic patterns violate certain a priori agreements
such as, for example, a low latency traffic flow generating
data-traffic above a certain threshold. Finally, in a multi-AP
scenario, where multiple APs may co-exist and operate on
the same bands with some form of coordination, an AP may
desire to temporarily cease service on one link to reduce
interference for a coordinated AP operating on same link.
Thus, as summarized above, due to transmit power regula-
tions, battery concerns, accommodating incumbent spec-
trum users, perform traffic policing or reduce interference,
an AP may have to make an unscheduled, fast and tempor-
ary suspension of service to one or more STAs on a link.
[0005] However, IEEE 802.11 be also aims to provide cer-
tain protection and service guarantees to different traffic
categories/use-cases. Thus, mechanisms are also needed to
enable the AP to minimize performance degradation of
some STAs or traffic categories upon such a temporary sus-
pension of service.
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SUMMARY

[0006] Embodiments of the present disclosure provide
methods and apparatuses for enabling notification-based
temporary termination of service from an AP on a link to
one or more non-AP MLDs or STAs, while also providing
sufficient information and features for STAs to minimize
their degradation of service.

[0007] In one embodiment, an access point (AP) multi-
link device (MLD) comprises a transceiver and a processor
operably coupled to the transceiver. The processor is config-
ured to generate an information element (IE) configured to
indicate unavailability of a link, the information element
comprising an indication of a duration of link disablement;
and when a value of the indicated duration of the link dis-
ablement has elapsed, enable the link, wherein the IE is
included in a broadcast frame, and the transceiver is config-
ured to transmit the broadcast frame.

[0008] In another embodiment, a non-AP MLD comprises
a transceiver configured to receive an information element
(IE) configured to indicate unavailability of a link, the IE
included in a broadcast frame, the I[E comprising an indica-
tion of a duration of the link disablement. A processor is
operably coupled to the transceiver, the processor config-
ured to determine that disablement of the link will occur,
wherein when a value of the indicated duration of the link
disablement has elapsed, the transceiver is configured to
receive an indication that the link has been enabled.

[0009] In another embodiment, a method performed by an
AP MLD comprises generating an information element (IE)
configured to indicate unavailability of a link, the IE
included in a broadcast frame, the IE comprising an indica-
tion of a duration of link disablement; when a value of the
indicated duration of the link disablement has elapsed,
enabling the link; and transmitting the broadcast frame.
[0010] Other technical features may be readily apparent to
one skilled in the art from the following figures, descrip-
tions, and claims.

[0011] Before undertaking the DETAILED DESCRIP-
TION below, it may be advantageous to set forth definitions
of certain words and phrases used throughout this patent
document. The term “couple” and its derivatives refer to
any direct or indirect communication between two or more
elements, whether or not those elements are in physical con-
tact with one another. The terms “transmit,” “receive,” and
“communicate,” as well as derivatives thereof, encompass
both direct and indirect communication. The terms
“include” and “comprise,” as well as derivatives thereof,
mean inclusion without limitation. The term “or” is inclu-
sive, meaning and/or. The phrase “associated with,” as well
as derivatives thereof, means to include, be included within,
interconnect with, contain, be contained within, connect to
or with, couple to or with, be communicable with, cooperate
with, interleave, juxtapose, be proximate to, be bound to or
with, have, have a property of, have a relationship to or with,
or the like. The term “controller” means any device, system
or part thereof that controls at least one operation. Such a
controller may be implemented in hardware or a combina-
tion of hardware and software and/or firmware. The func-
tionality associated with any particular controller may be
centralized or distributed, whether locally or remotely. The
phrase “at least one of,” when used with a list of items,
means that different combinations of one or more of the
listed items may be used, and only one item in the list may
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be needed. For example, “at least one of: A, B, and C”
includes any of the following combinations: A, B, C, A
and B, A and C, B and C, and A and B and C. As used
herein, such terms as “1st” and “2nd,” or “first” and “sec-
ond” may be used to simply distinguish a corresponding
component from another and does not limit the components
in other aspect (e.g., importance or order). It is to be under-
stood that if an element (e.g., a first element) is referred to,
with or without the term “operatively” or “communica-
tively”, as “coupled with,” “coupled to,” “connected with,”
or “connected to” another element (e.g., a second element),
it means that the element may be coupled with the other
element directly (e.g., wiredly), wirelessly, or via a third
element.

[0012] As used herein, the term “module” may include a
unit implemented in hardware, software, or firmware, and
may interchangeably be used with other terms, for example,
“logic,” “logic block,” “part,” or “circuitry”. A module may
be a single integral component, or a minimum unit or part
thereof, adapted to perform one or more functions. For
example, according to an embodiment, the module may be
implemented in a form of an application-specific integrated
circuit (ASIC).

[0013] Moreover, various functions described below can
be implemented or supported by one or more computer pro-
grams, each of which is formed from computer readable
program code and embodied in a computer readable med-
ium. The terms “application” and “program” refer to one or
more computer programs, software components, sets of
instructions, procedures, functions, objects, classes,
instances, related data, or a portion thereof adapted for
implementation in a suitable computer readable program
code. The phrase “computer readable program code”
includes any type of computer code, including source
code, object code, and executable code. The phrase “com-
puter readable medium” includes any type of medium cap-
able of being accessed by a computer, such as read only
memory (ROM), random access memory (RAM), a hard
disk drive, a compact disc (CD), a digital video disc
(DVD), or any other type of memory. A “non-transitory”
computer readable medium excludes wired, wireless, opti-
cal, or other communication links that transport transitory
electrical or other signals. A non-transitory computer read-
able medium includes media where data can be permanently
stored and media where data can be stored and later over-
written, such as a rewritable optical disc or an erasable
memory device.

[0014] Definitions for other certain words and phrases are
provided throughout this patent document. Those of ordin-
ary skill in the art should understand that in many if not most
instances, such definitions apply to prior as well as future
uses of such defined words and phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] For a more complete understanding of the present
disclosure and its advantages, reference is now made to the
following description taken in conjunction with the accom-
panying drawings, in which like reference numerals repre-
sent like parts:

[0016] FIG. 1 illustrates an example wireless network
according to various embodiments of the present disclosure;
[0017] FIG. 2A illustrates an example AP according to
various embodiments of the present disclosure;
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[0018] FIG. 2B illustrates an example STA according to
various embodiments of this disclosure;

[0019] FIG. 3 illustrates an example of an individually
addressed SMNF according to embodiments of the present
disclosure;

[0020] FIG. 4 illustrates an example of SMNF format as
subfields of the Common info field of the Multi-link element
according to embodiments of the present disclosure;

[0021] FIG. 5 illustrates an example of SMNF format as
subfields of the Link info field of the Multi-link element
according to embodiments of the present disclosure;

[0022] FIG. 6 illustrates an example of a flow diagram
depicting the SMINF transmission and operation for an AP-
MLD according to embodiments of the present disclosure;
[0023] FIG. 7 illustrates an example of a flow diagram
depicting the SMNF transmission and operation for a non-
AP-MLD according to embodiments of the present
disclosure;

[0024] FIG. 8 illustrates a method of wireless communica-
tion performed by an AP according to embodiments of the
present disclosure; and

[0025] FIG. 9 illustrates a method of wireless communica-
tion performed by a non-AP according to embodiments of
the present disclosure.

DETAILED DESCRIPTION

[0026] FIGS. 1 through 9, discussed below, and the var-
ious embodiments used to describe the principles of the pre-
sent disclosure in this patent document are by way of illus-
tration only and should not be construed in any way to limit
the scope of the disclosure. Those skilled in the art will
understand that the principles of the present disclosure
may be implemented in any suitably arranged system or
device.

[0027] The following documents and standards descrip-
tions are hereby incorporated into the present disclosure as
if fully set forth herein:

[0028] [1] IEEE P802.11be/D1.0 - Draft Standard for
Information technologyTelecommunications and informa-
tion exchange between systems Local and metropolitan
area networks--Specific requirements - Part 11: Wireless
LAN Medium Access Control (MAC) and Physical Layer
(PHY) Specifications--Amendment 8: Enhancements for
extremely high throughput (EHT).

[0029] [2] IEEE 802.11-2020 - IEEE Standard for Infor-
mation TechnologyTelecommunications and Information
Exchange between Systems - Local and Metropolitan Area
Networks--Specific Requirements - Part 11: Wireless LAN
Medium Access Control (MAC) and Physical Layer (PHY)
Specifications.

[0030] [3]IEEE 802.11-21/079213, “PDT for CC34 Reso-
lution for CID 3222”.

[0031] Aspects, features, and advantages of the disclosure
are readily apparent from the following detailed description,
simply by illustrating a number of particular embodiments
and implementations, including the best mode contemplated
for carrying out the disclosure. The disclosure is also cap-
able of other and different embodiments, and its several
details can be modified in various obvious respects, all with-
out departing from the spirit and scope of the disclosure.
Accordingly, the drawings and description are to be
regarded as illustrative in nature, and not as restrictive.
The disclosure is illustrated by way of example, and not by
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way of limitation, in the figures of the accompanying
drawings.

[0032] FIG. 1 illustrates an example wireless network 100
according to various embodiments of the present disclosure.
The embodiment of the wireless network 100 shown in FIG.
1 is for illustration only. Other embodiments of the wireless
network 100 could be used without departing from the scope
of this disclosure.

[0033] The wireless network 100 includes access points
(APs) 101 and 103. The APs 101 and 103 communicate
with at least one network 130, such as the Internet, a pro-
prietary Internet Protocol (IP) network, or other data net-
work. The AP 101 provides wireless access to the network
130 for a plurality of stations (STAs) 111-114 within a cov-
erage area 120 of the AP 101. The APs 101-103 may com-
municate with each other and with the STAs 111-114 using
WI-FI or other WLAN communication techniques. The
STAs 111-114 may communicate with each other using
peer-to-peer protocols, such as Tunneled Direct Link Setup
(TDLS).

[0034] Depending on the network type, other well-known
terms may be used instead of “access point” or “AP,” such as
“router” or “gateway.” For the sake of convenience, the term
“AP” is used in this disclosure to refer to network infrastruc-
ture components that provide wireless access to remote
terminals. In WLAN, given that the AP also contends for
the wireless channel, the AP may also be referred to as an
STA. Also, depending on the network type, other well-
known terms may be used instead of "station" or "STA,"
such as "mobile station," "subscriber station," "remote term-
inal," "user equipment," "wireless terminal," or "user
device." For the sake of convenience, the terms "station"
and "STA" are used in this disclosure to refer to remote
wireless equipment that wirelessly accesses an AP or con-
tends for a wireless channel in a WLAN, whether the STA is
a mobile device (such as a mobile telephone or smartphone)
or is normally considered a stationary device (such as a
desktop computer, AP, media player, stationary sensor, tele-
vision, etc.).

[0035] Dotted lines show the approximate extents of the
coverage areas 120 and 125, which are shown as approxi-
mately circular for the purposes of illustration and explana-
tion only. It should be clearly understood that the coverage
areas associated with APs, such as the coverage areas 120
and 125, may have other shapes, including irregular shapes,
depending upon the configuration of the APs and variations
in the radio environment associated with natural and man-
made obstructions.

[0036] As described in more detail below, one or more of
the APs may include circuitry and/or programming for facil-
itating notification-based temporary termination of service
from an AP on a link to one or more non-AP MLDs or
STAs. Although FIG. 1 illustrates one example of a wireless
network 100, various changes may be made to FIG. 1. For
example, the wireless network 100 could include any num-
ber of APs and any number of STAs in any suitable arrange-
ment. Also, the AP 101 could communicate directly with
any number of STAs and provide those STAs with wireless
broadband access to the network 130. Similarly, each AP
101-103 could communicate directly with the network 130
and provide STAs with direct wireless broadband access to
the network 130. Further, the APs 101 and/or 103 could
provide access to other or additional external networks,
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such as external telephone networks or other types of data
networks.

[0037] FIG. 2A illustrates an example AP 101 according
to various embodiments of the present disclosure. The
embodiment of the AP 101 illustrated in FIG. 2A is for illus-
tration only, and the AP 103 of FIG. 1 could have the same
or similar configuration. However, APs come in a wide vari-
ety of configurations, and FIG. 2A does not limit the scope
of this disclosure to any particular implementation of an AP.
[0038] The AP 101 includes multiple antennas 204a-204n,
multiple RF transceivers 209a-209#, transmit (TX) proces-
sing circuitry 214, and receive (RX) processing circuitry
219. The AP 101 also includes a controller/processor 224,
a memory 229, and a backhaul or network interface 234.
The RF transceivers 209q-209# receive, from the antennas
204a-204n, incoming RF signals, such as signals trans-
mitted by STAs in the network 100. The RF transceivers
209a-209n downconvert the incoming RF signals to gener-
ate IF or baseband signals. The IF or baseband signals are
sent to the RX processing circuitry 219, which generates
processed baseband signals by filtering, decoding, and/or
digitizing the baseband or IF signals. The RX processing
circuitry 219 transmits the processed baseband signals to
the controller/processor 224 for further processing.

[0039] The TX processing circuitry 214 receives analog or
digital data (such as voice data, web data, e-mail, or inter-
active video game data) from the controller/processor 224.
The TX processing circuitry 214 encodes, multiplexes, and/
or digitizes the outgoing baseband data to generate pro-
cessed baseband or IF signals. The RF transceivers 209a-
209n receive the outgoing processed baseband or IF signals
from the TX processing circuitry 214 and up-converts the
baseband or IF signals to RF signals that are transmitted
via the antennas 204a-204n.

[0040] The controller/processor 224 can include one or
more processors or other processing devices that control
the overall operation of the AP 101. For example, the con-
troller/processor 224 could control the reception of forward
channel signals and the transmission of reverse channel sig-
nals by the RF transceivers 209a-209x, the RX processing
circuitry 219, and the TX processing circuitry 214 in accor-
dance with well-known principles. The controller/processor
224 could support additional functions as well, such as more
advanced wireless communication functions. For instance,
the controller/processor 224 could support beam forming or
directional routing operations in which outgoing signals
from multiple antennas 204a-204n are weighted differently
to effectively steer the outgoing signals in a desired direc-
tion. The controller/processor 224 could also support
OFDMA operations in which outgoing signals are assigned
to different subsets of subcarriers for different recipients
(e.g., different STAs 111-114). Any of a wide variety of
other functions could be supported in the AP 101 by the
controller/processor 224 including facilitating notification-
based temporary termination of service on a link. In some
embodiments, the controller/processor 224 includes at least
one microprocessor or microcontroller. The controller/pro-
cessor 224 is also capable of executing programs and other
processes resident in the memory 229, such as an OS. The
controller/processor 224 can move data into or out of the
memory 229 as required by an executing process.

[0041] The controller/processor 224 is also coupled to the
backhaul or network interface 234. The backhaul or network
interface 234 allows the AP 101 to communicate with other
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devices or systems over a backhaul connection or over a
network. The interface 234 could support communications
over any suitable wired or wireless connection(s). For exam-
ple, the interface 234 could allow the AP 101 to communi-
cate over a wired or wireless local area network or over a
wired or wireless connection to a larger network (such as the
Internet). The interface 234 includes any suitable structure
supporting communications over a wired or wireless con-
nection, such as an Ethernet or RF transceiver. The memory
229 is coupled to the controller/processor 224. Part of the
memory 229 could include a RAM, and another part of the
memory 229 could include a Flash memory or other ROM.
[0042] Although FIG. 2A illustrates one example of AP
101, various changes may be made to FIG. 2A. For example,
the AP 101 could include any number of each component
shown in FIG. 2A. As a particular example, an access point
could include a number of interfaces 234, and the controller/
processor 224 could support routing functions to route data
between different network addresses. As another particular
example, while shown as including a single instance of TX
processing circuitry 214 and a single instance of RX proces-
sing circuitry 219, the AP 101 could include multiple
instances of each (such as one per RF transceiver). Alterna-
tively, only one antenna and RF transceiver path may be
included, such as in legacy APs. Also, various components
in FIG. 2A could be combined, further subdivided, or
omitted and additional components could be added accord-
ing to particular needs.

[0043] FIG. 2B illustrates an example STA 111 according
to various embodiments of this disclosure. The embodiment
of the STA 111 illustrated in FIG. 2B is for illustration only,
and the STAs 111-115 of FIG. 1 could have the same or
similar configuration. However, STAs come in a wide vari-
ety of configurations, and FIG. 2B does not limit the scope
of this disclosure to any particular implementation of a STA.
[0044] The STA 111 includes antenna(s) 205, a radio fre-
quency (RF) transceiver 210, TX processing circuitry 215, a
microphone 220, and receive (RX) processing circuitry 225.
The STA 111 also includes a speaker 230, a controller/pro-
cessor 240, an input/output (I/O) interface (IF) 245, a
touchscreen 250, a display 255, and a memory 260. The
memory 260 includes an operating system (OS) 261 and
one or more applications 262.

[0045] The RF transceiver 210 receives, from the anten-
na(s) 205, an incoming RF signal transmitted by an AP of
the network 100. The RF transceiver 210 down-converts the
incoming RF signal to generate an intermediate frequency
(IF) or baseband signal. The IF or baseband signal is sent to
the RX processing circuitry 225, which generates a pro-
cessed baseband signal by filtering, decoding, and/or digitiz-
ing the baseband or IF signal. The RX processing circuitry
225 transmits the processed baseband signal to the speaker
230 (such as for voice data) or to the controller/processor
240 for further processing (such as for web browsing data).
[0046] The TX processing circuitry 215 receives analog or
digital voice data from the microphone 220 or other out-
going baseband data (such as web data, e-mail, or interactive
video game data) from the controller/processor 240. The TX
processing circuitry 215 encodes, multiplexes, and/or digi-
tizes the outgoing baseband data to generate a processed
baseband or IF signal. The RF transceiver 210 receives the
outgoing processed baseband or IF signal from the TX pro-
cessing circuitry 215 and up-converts the baseband or IF
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signal to an RF signal that is transmitted via the antenna(s)
205.

[0047] The controller/processor 240 can include one or
more processors and execute the basic OS program 261
stored in the memory 260 in order to control the overall
operation of the STA 111. In one such operation, the main
controller/processor 240 controls the reception of forward
channel signals and the transmission of reverse channel sig-
nals by the RF transceiver 210, the RX processing circuitry
225, and the TX processing circuitry 215 in accordance with
well-known principles. The main controller/processor 240
can also include processing circuitry configured to facilitate
notification-based temporary termination of service on a
link. In some embodiments, the controller/processor 240
includes at least one microprocessor or microcontroller.
[0048] The controller/processor 240 is also capable of
executing other processes and programs resident in the
memory 260, such as operations for facilitating notifica-
tion-based temporary termination of service on a link. The
controller/processor 240 can move data into or out of the
memory 260 as required by an executing process. In some
embodiments, the controller/processor 240 is configured to
execute a plurality of applications 262, such as applications
for detect interference from a neighboring BSS and inform
the associated AP of the interference. The controller/proces-
sor 240 can operate the plurality of applications 262 based
on the OS program 261 or in response to a signal received
from an AP. The main controller/processor 240 is also
coupled to the I/O interface 245, which provides STA 111
with the ability to connect to other devices such as laptop
computers and handheld computers. The I/O interface 245 is
the communication path between these accessories and the
main controller 240.

[0049] The controller/processor 240 is also coupled to the
touchscreen 250 and the display 255. The operator of the
STA 111 can use the touchscreen 250 to enter data into the
STA 111. The display 255 may be a liquid crystal display,
light emitting diode display, or other display capable of ren-
dering text and/or at least limited graphics, such as from
web sites. The memory 260 is coupled to the controller/pro-
cessor 240. Part of the memory 260 could include a random-
access memory (RAM), and another part of the memory 260
could include a Flash memory or other read -only memory
(ROM).

[0050] Although FIG. 2B illustrates one example of STA
111, various changes may be made to FIG. 2B. For example,
various components in FIG. 2B could be combined, further
subdivided, or omitted and additional components could be
added according to particular needs. In particular examples,
the STA 111 may include any number of antenna(s) 205 for
MIMO communication with an AP 101. In another example,
the STA 111 may not include voice communication or the
controller/processor 240 could be divided into multiple pro-
cessors, such as one or more central processing units (CPUs)
and one or more graphics processing units (GPUs). Also,
while FIG. 2B illustrates the STA 111 configured as a
mobile telephone or smartphone, STAs could be configured
to operate as other types of mobile or stationary devices.
[0051] Current mechanisms for performing a suspension
of service on a link include three methods. These methods
and their drawbacks are enumerated below:

[0052] Permanent tear down of a link between an AP and
STA: The tear-down is unnecessary in scenarios where sus-
pension of service on a link may be temporary and it may
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lead to an unnecessarily large overhead and poor service
quality for the corresponding non-AP MLDs or STAs.
Furthermore, such a tear-down process does not address
the applications involving service suspension for specific
STAs or traffic identifiers (TIDs).

[0053] Changing the traffic identifier (TID)-to-link map-
ping: The TID-to-link mapping is a method that is specific
to multi-link devices, which can be used to re-route specific
TIDs of an STA away from a particular wireless link. While
this can be used for suspension of service on a link, the cur-
rent TID-to-link mapping procedure involves a two-way
negotiation process between an AP MLD and a non-AP
MLD. The AP MLD may not always have the available
time to negotiate such a temporary termination of service.
Furthermore, the TID-to-link mapping involves a permanent
change to the mapping and it is not schedule-based, so a start
and end time for the temporary mapping can’t be provided.
Finally, this method is not applicable to STAs that are not
MLDs or with MLDs with TID-to-link mapping disabled.
[0054] Transmission of a quiet element or quiet channel
element: This method can indeed be used for temporary sus-
pension of transmissions on a link but it can only be broad-
cast. Thus it is not applicable to scenarios where only a sin-
gle STA or a single TID has to be muted. Similarly, in the
broadcast context it can’t be used to only mute uplink trans-
missions to or only mute downlink transmissions from an
AP.

[0055] Correspondingly, there is a need for methods to
enable notification-based temporary termination of service
from an AP on a link to one or more non-AP MLDs or STAs,
while also providing sufficient information and features for
STAs to minimize their degradation of service.

[0056] As described above, to serve various applications
there is a need for a notification based mechanism for an AP
to temporarily pause service on a link for one or more STAs
or TIDs. This disclosure refers to this operation as service
muting. To enable the above, this disclosure proposes either
a new collection of information elements or a new frame,
called the Service Muting Notification Frame (SMNF),
that can be transmitted by the AP MLD prior to muting.
Although we refer to it as a ‘frame’ for convenience, the
SMNF can either be transmitted as a new management
frame or action frame, or it can be a collection of new infor-
mation elements that are included in an existing frame such
as the beacon frame or the probe response frame.

[0057] The SMNF may include one or more of the follow-
ing information elements/subelements/fields:

[0058] 1. A destination address (DA) identifying the
recipient of the frame.

[0059] 2. An indication of whether the frame is for mut-
ing or unmuting.

[0060] 3. An indication of the one or more link identi-
fiers (IDs) that will be muted/unmuted.

[0061] 4. An indication of the start time of the service
muting/unmuting (measured in either target beacon
transmit times (TBTTs) or time units (TUs).

[0062] 5. An indication of the duration of service mut-
ing if applicable (measured in TBTTs or TUs).

[0063] 6. An indication of the minimum duration of ser-
vice muting if applicable (measured in TBTTs or TUs).

[0064] 7. Anindication of the maximum duration of ser-
vice muting if applicable (measured in TBTTs or TUs).
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[0065] 8. An indication of the interval to the next fol-
lowing occurrence of service muting if periodic and
applicable (measured in TBTTs or TUs).

[0066] 9. An indication of the TIDs associated with the
DA that shall be muted/unmuted.

[0067] 10. An indication of the priority of the muting
which can help determine which STAs shall comply
with it.

[0068] 11. An indication of the links to which all or a
subset of the affected TIDs may be re-mapped.

[0069] 12. An indication of whether the muting/unmut-
ing is only for uplink direction (non-AP to AP MLD),
downlink direction (AP to non-AP MLD) or both
directions.

[0070] Some of the details and operating functions of
these fields are described below:

[0071] 1. Destination Address field: The SMNF can
either be unicast separately to each non-AP device by
using the corresponding MAC address in the DA, can
be multi-cast to a group of STAs via a group MAC
address, or can be broadcast to all the associated
STAs operating on that link and associated with the
AP by using the broadcast address in the DA.

[0072] 2. Link Status field: In one embodiment, the
duration of the muting performed by the AP may be
non-deterministic. In this case, a separate indication
may be required to identify if the SMNF is for muting
or for unmuting, which is conveyed by the Link Status
field. This field may have a single bit indicating
whether the frame is for muting or unmuting. In another
embodiment, an SMNF may include the status of all
links of an AP MLD, in which case this field may be
a bit map, indicating the new status of each link after
the start time field duration.

[0073] 3. Link ID field: In some embodiments, the
SMNF can be transmitted by an AP MLD not only on
the one or more links to be muted but may also be trans-
mitted on other links to enable other MLD non-APs to
know of the upcoming muting more quickly. In such a
scenario, a Link ID may be included to identify which
is the link that will be muted. In one embodiment, an
SMNF from an AP MLD may indicate status of all
associated links and may thus contain separate fields
for each link, in which case such a link ID indication
may not be required.

[0074] 4. Start time field: This field may indicate the
time duration or the TBTT count to the start of the mut-
ing/unmuting operation. In one embodiment, the
SMNF may need to be transmitted by the AP at least
a threshold number of TBTTs (called MinTbttToStart-
Mute here) ahead of the start of the service muting or
unmuting.

[0075] 5. Duration field: This field is an indication of
the duration of the service muting. In one embodiment,
the muting duration can be a default predetermined
value of TbttMuteDuration.

[0076] 6. Minimum duration field: In one embodiment
where the duration of muting is not deterministic or
known apriori, this identifies the minimum duration of
time for which the muting will be performed. The STA
can assume that no communication with the AP will be
feasible for this duration. Correspondingly it can either
enter a doze state and save power, or can determine if it
needs to send a TID-to-link mapping request to the AP
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MLD to re-map latency sensitive traffic to another link
etc. In one embodiment, this field may not be applic-
able to the case of unmuting.

[0077] 7. Maximum duration field: In one embodiment
where the duration of muting is not deterministic or
known apriori, this field is an indication of the maxi-
mum or worst case duration of the muting. The non AP
STA can use this information to decide, for example,
the worst case service quality and latency and therefore
take necessary actions. In one embodiment this maxi-
mum duration can be a pre-determined constant in the
standard, for example the BSSMaxIdlePeriod, in which
case a sub-field may not be required. In one embodi-
ment, this field may not be applicable to the case of
unmuting.

[0078] 8. Periodicity of muting field: This is an indica-
tion of the time duration to the next expected muting
operation to be performed by the AP for the same
DA. This information can be used, for example, by
the STA to determine if transmission of this link to
the AP is viable for all of its traffic identifiers (TIDs)
or not. In one embodiment, this field may not be applic-
able to the case of unmuting.

[0079] 9. TID field: In some embodiments, the AP may
desire to mute only traffic from certain traffic identifiers
associated with the STA corresponding to the DA. For
such embodiments, this field may indicate the TID list
for which the muting/un-muting is applicable. An
example can be the use of the SMNF to perform traffic
policing and/or admission control on a certain TID that
does not comply with some regulatory constraints.

[0080] 10. Muting Priority field: In some embodiments,
a field may indicate the priority of the muting decision.
Correspondingly, the STA corresponding to the DA
shall determine which TIDs shall comply with the mut-
ing request. For example, a TID mapped to a restricted
target wake time interval (r'TWT), might not be muted
by a low priority SMNF.

[0081] 11. Backup Link field: In the case of MLDS, this
field may indicate the new links to which traffic corre-
sponding to the muted links may be remapped tempora-
rily till the old link is unmuted. This can be applicable,
for example, in scenarios where some TIDs are only
mapped to the muted links. In an example scenario,
this field may be absent and by default all the traffic
corresponding to muted links may be mapped to all
the active links.

[0082] 12. Direction of muting field: In case of only
downlink muting, the AP may not contend for a trans-
mit opportunity (TXOP) on the corresponding link to
transmit data to the non-AP STAs. However, the STAs
can still contend for a TXOP and transmit packets to the
AP. The AP may still be allowed to send an ACK frame
for the uplink packets it receives. Such a unidirectional
muting can be beneficial, for example, to meet transmit
power regulations or reduce interference generated by
the AP. Similarly, in case of uplink muting, only the AP
is allowed to contend for the TXOP to transmit packets
to the non-AP STAs. The non-AP STAs are however
allowed to send an ACK frame in response to a
received downlink packet. In case of bi-directional
muting, neither the AP MLD nor the associated non-
AP STAs are allowed to access the channel to commu-
nicate with the other. However, the non-AP STAs may
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still be allowed to contend for the link to send packets
to other receivers, such as in soft-AP, tunnel-link-
direct-setup (TDLS) operations etc. For transmit
power regulation or to reduce interference, muting on
only downlink may be sufficient. For reducing power
consumption, muting on both uplink and downlink may
be beneficial. Including the TIDs in element allows
muting certain traffic IDs for traffic policing or admis-
sion control.
[0083] FIG. 3 illustrates an example of an individually
addressed SMNF 300 according to embodiments of the pre-
sent disclosure. The embodiment of the individually
addressed SMNF 300 illustrated in FIG. 3 is for illustration
only. FIG. 3 does not limit the scope of this disclosure to any
particular implementation of the example of an individually
addressed SMNF 300.
[0084] In the example illustrated in FIG. 3, such an SMNF
is being transmitted by an AP to two different STAs. In this
illustration, both the mute start time field and the mute dura-
tion values are measured in TBTT and the corresponding
values are as depicted in FIG. 3. Using the sub-fields of a
received SMNF, an STA may take a corresponding action.
For example, using the minimum duration of muting and
interval to a next occurrence of muting, an STA can decide
to either enter a doze state and save power, or to determine if
it needs to disassociate and connect with a new AP to ensure
its quality of service. Similarly, a non-AP MLD may decide
to send a TID-to-link mapping request to the AP MLD to re-
map latency sensitive traffic to another link. If the non-AP
MLD is unhappy with the TID remapping to a backup link,
it may initiate a re-association request frame with a new
suggested TID-to-link mapping request element or may
initiate a tear-down procedure.
[0085] Several concrete example embodiments for the
implementation of the aforementioned SMNF in compli-
ance with the WiFi 802.11be D1.01 draft [2] are described
below. In one embodiment, the SMNF can be of the EHT
protected action frame category with action field value of 6
as indicated in table 1.

TABLE 1
Proposed protected EHT Action field values
Value Meaning Time priority
0 TID-To-Link Mapping Request No
1 TID-To-Link Mapping Response No
2 TID-To-Link Mapping Teardown No
3 NSEP Priority Access Enable Request No
4 NSEP Priority Access Enable Response No
5 NSEP Priority Access Teardown No
6 Service Muting Notification Frame No
7-255 Reserved

[0086] In one embodiment of the Service Muting Notifica-
tion Frame, the link muting duration is known deterministi-
cally and is only transmitted on a link on which the muting
is scheduled. Such a frame format is illustrated in Table 2
below. Note that the DA is not included in the format in
Table 2 since it will be included in the MAC header which
is not shown in the frame format. In this example, the mut-
ing may always be applicable to both uplink and downlink
directions and also applicable to all TIDs of the DA. Thus
this example embodiment can be interpreted as an individu-
ally addressed quiet element.
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TABLE 4-continued

TABLE 2
Embodiment of Service Muting Notification Frame format
Order Information Size
1 Category 1 octet
2 Protected EHT Action 1 octet
3 Start time subfield 1 or 2 octets
4 Duration subfield 1 or 2 octets
5 Link Muting Periodicity subfield 1 or 2 octets

[0087] In one embodiment of the Service Muting Notifica-
tion Frame, the link muting duration is known deterministi-
cally and is only transmitted on a link on which the muting
is scheduled. Such a frame format is illustrated in Table 3
below. In this example, the direction of muting field may
have two bits. A value of 00 may indicate bi-directionally
active, 01 may indicate downlink only muting, 10 may indi-
cate uplink only muting and 11 may indicate both uplink and
downlink muting. Here the backup link ID may be an
optional field which is transmitted to convey to the DA the
alternative link onto which the TIDs of the muted link can
be re-mapped temporarily. In one embodiment, in an indivi-
dually addressed Service Muting Notification Frame, an AP
MLD STA may not transmit the back-up link field to a non
MLD AP. In another embodiment, a non MLD STA can
ignore the back-up link field if present in the Service Muting
Notification Frame. In one embodiment where the destina-
tion MAC address is the broadcast address, the TID list may
be applicable to all the associated STAs that can decode the
Service Muting Notification Frame.

TABLE 3
Embodiment of Service Muting Notification Frame format
Order Information Size
1 Category 1 octet
2 Protected EHT Action 1 octet
3 Start time subfield 1 or 2 octets
4 Duration subfield 1 or 2 octets
5 Link Muting Periodicity subfield 1 or 2 octets
6 Applicable TID list variable
7 Back up Link ID 1 octet
8 Direction of muting 2 bits

[0088] In one embodiment, instead of an applicable TID
list, a priority field may be included to help determine which
STAs or which TIDs of an STA should comply with the
service muting notification frame. This embodiment is
depicted in Table 4. An example of some of the priority
levels are shown in Table 5. When the destination MAC
address 1s the broadcast address, each associated STA that
decodes the Service Muting Notification Frame will inde-
pendently determine whether one or more of its TIDs
needs to comply with the service muting notification.

TABLE 4

Embodiment of Service Muting Notification Frame format

Order Information Size
Category 1 octet
Protected EHT Action 1 octet

1

2

3 Start time subfield 1 or 2 octets
4

Duration subfield 1 or 2 octets

Embodiment of Service Muting Notification Frame format

Order Information Size

5 Link Muting Periodicity subfield
6 Priority level

7 Back up Link ID

8 Direction of muting 2 bits

1 or 2 octets
1 octet or less
1 octet

TABLE 5

Example of priority values

Value Meaning

All TIDs > 0 are supposed to comply and rTWT also have to

0 comply

1 All TIDs > 0 are supposed to comply and rTWT is exempt
2 All TIDs > 1 are supposed to comply and rTWT is exempt
3 All TIDs > 2 are supposed to comply and rTWT is exempt
4 All TIDs > 3 are supposed to comply and rTWT is exempt
5 All TIDs > 4 are supposed to comply and rTWT is exempt
6 All TIDs > 5 are supposed to comply and rTWT is exempt

7-255  unassigned

[0089] In one embodiment, involving an MLLD AP and an
MLD STA, the Service Muting Notification Frame can con-
tain the muting status for all the links associated with the AP
MLD. In addition, instead of having a back-up link field, an
explicit TID-to-link mapping element (as defined in Section
9.4.2.259d of [2]) can be transmitted as part of the Service
Muting Notification Frame. This example embodiment is
depicted in Table 6 below. In this scenario, the TID-to-link
mapping can be a notification based mapping transmitted by
an AP MLD, that the non-AP MLD has to use for the dura-
tion of the muting. If the non-AP MLD is unhappy with the
new TID-to-link mapping, it may initiate a re-association
request frame with a new suggested TID-to-link mapping
request element or may initiate a tear-down procedure. The
AP MLD may include the TID-to-link mapping only in indi-
vidually addressed Service Muting Notification Frames if
the DA corresponds to a non-AP MLD. Additional rules
may also be applied such as: “the new TID-to-link mapping
shall not reduce the number of mapped links to each TID,
when compared to previously negotiated TID-to-link map-
ping”, “the new TID-to-link mapping shall not update the
link mapping for TIDs that are unaffected by the link mut-
ing” etc. The direction of muting field may now be bitmap (2
bits per affiliated link) which identifies which of the links
are muted and in uplink or in downlink. For any link, a
value of 00 may indicate bi-directionally active, 01 may
indicate downlink only muting, 10 may indicate uplink
only muting and 11 may indicate both uplink and downlink
muting. In one embodiment, if a non-AP MLD receives a
Service Muting Notification Frame on link1, with the Link
ID bitmap values for another link2 set to 11, then the non-
AP MLD shall apply the muting instruction to an STA2
operating on link?2.

TABLE 6

Embodiment of Service Muting Notification Frame format

Order Information Size

1 Category 1 octet
2 Protected EHT Action

3 Start time subfield

1 octet
1 or 2 octets
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TABLE 8-continued

Embodiment of Service Muting Notification Frame format

Order Information Size
4 Duration subfield
5 Link Muting Periodicity subfield
6 TID-to-Link Mapping element
7 Direction of muting bitmap

1 or 2 octets
1 or 2 octets
variable

2 bits per link

[0090] In yet another example embodiment, the duration
of the muting may be unknown apriori. In this scenario the
same Service Muting Notification Frame can be used to both
mute and unmute a link. To convey this information, the
frame may have a direction of muting subfield, that indicates
if the frame is being used to mute or unmute and in uplink/
downlink or both. For example, if a link is currently muted
for a DA, and the DA receives a link muting notification
frame with a direction of muting field = 00, it can be inter-
preted as an unmuting operation. Furthermore, details about
the minimum and maximum duration of mute may be pro-
vided to enable the STAs to take action to ensure their qual-
ity of service. The frame structure of this example embodi-
ment is illustrated in Table 7.

TABLE 7
Embodiment of Service Muting Notification Frame format
Order Information Size
1 Category 1 octet
2 Protected EHT Action 1 octet
3 Start time subfield 1 or 2 octets
4 Minimum Duration subfield 1 or 2 octets
5 Mazximum Duration subfield 1 or 2 octets
6 Link Muting Periodicity subfield 1 or 2 octets
7 Applicable TID list variable
8 Back up Link ID list 1 octet
9 Direction of muting 2 bits

[0091] In another embodiment, the SMNF can be con-
veyed using new information fields in an existing manage-
ment frame such as the probe response frame or the beacon
frame. In this embodiment, the muting can be notified by
including an EHT Operation element in the existing man-
agement frame, with the SMNF being included as one or
more sub-fields of the EHT Operation Information field of
the EHT Operation element. One example illustration of the
EHT operation element in this embodiment is depicted in
Table 8, where we include the start time, duration, and direc-
tion of muting/unmuting as subfields of the EHT Operation
element. Note however that the depicted set of sub-fields is
only exemplary other combinations of sub-fields of the
SMNF can also be included as considered in the previous
embodiments above.

[0092] In yet another embodiment the SMNF can be
included as one or more sub-fields of the Multi-link element
transmitted by the existing management frame.

TABLE 8

Embodiment of Service Muting Notification Frame format as subfields of
the EHT Operation element

Subfield Definition Size
40, 80,160, or 320 MHz EHT BBS.
Disabled This subfield indicates whether the

subchannel bitmap disabled subchannel bitmap field is

present present or not.

Start time subfield Indicates start time of muting in TBTT (l)c(t);tsz
- Indicates duration of the muting in lor2

Duration subfield TBTT octets

Direction of Indicates direction of muting of link 2 bits

muting

[0093] In another realization of one or more embodiments
described above, the link muting may be referred to as link
disablement. In this realization, the indicated details of the
link disablement can be added as new fields of the EHT
element instead of being included in the EHT operation
information. The format of the EHT Operation element
can be as shown below:

Format of EHT operating element

EHT Disabled  Link
Element Operation  Subchan-  Disable-
Element D Informa-  nel ment
D Length Extension tion Bitmap Parameters
1 octet 1 octet 1 octet Oor2 Oord
octets octets

[0094] Furthermore, the format of the link disablement
parameters field can be as shown below:

Format of Link Disablement Parameters

Link disablement Link disablement
count period

Link disablement
duration

1 octet 1 octet 2 octets

[0095] Here the ‘Link Disablement Count’ subfield may
indicate the number of TBTTs until the indicated link is dis-
abled. A value of 0 may indicate the indicated link is already
disabled. The ‘Link Disablement Periodicity’ subfield indi-
cates the interval between periodic repetitions of the link
disablement in TBTTs, in case of periodically scheduled dis-
ablement. A value of 0 indicates that the disablement is not
periodic. The ‘Link Disablement Duration’ subfield indi-
cates the number of time units (TUs) the indicated link dis-
ablement will apply for. If the duration is unknown, the
value may be set to 65535. In addition, the indication of
whether a link disablement is scheduled and the correspond-
ing ‘Link Disablement Parameters’ field is present in the
EHT operation element can be indicated in a new subfield
of the ‘EHT operation information’ field called ‘Link Dis-
ablement indication’ bit as shown below.

Embodiment of Service Muting Notification Frame format as subfields of
the EHT Operation element

Definition Size

Subfield

This field defines the EHT BSS
bandwidth.

This field provides the channel center
frequency segment information for a 20,

Channel Width

CCFS

Subfields of EHT operation information field

Subfield Definition Size

Channel Width This field defines the EHT BSS bandwidth.

This field provides the channel center
CCFS frequency segment information for a 20, 40,
80,160, or 320 MHz EHT BBS.
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-continued

Subfields of EHT operation information field

Subfield Definition Size
gﬁiﬁ;ﬂlel bitma This subfield indicates whether the disabled
present P subchannel bitmap field is present or not.

This bit indicates whether the current link is
scheduled to be (or is already) disabled, and
if the link disablement parameters are
present

Link Disablement

indication 1 bit

[0096] The AP MLD may announce a link disablement by
setting the ‘Link Disablement Indication’ bit of the ‘EHT
Operating Information’ field of the EHT operating element
to 1, and by setting the ‘Link Disablement Count’ subfield of
the ‘Link Disablement Parameters’ field of the EHT operat-
ing element to a non-zero value. The AP MLD may
announce a periodic link disablement by additionally setting
the ‘Link Disablement Period’ subfield of the ‘Link Disable-
ment Parameters’ field in the EHT Operation element to a
non-zero value. A disabled link which is announced with the
‘Link Disablement Duration’ subfield of the ‘Link Disable-
ment Parameters’ field of the EHT operating element not set
to 65535, will be enabled by the AP MLD before the expiry
of the time indicated in the Link Disablement Duration field.
[0097] FIG. 4 illustrates an example of SMNF format 400
as subfields of the Common info field of the Multi-link ele-
ment according to embodiments of the present disclosure.
The embodiment of the SMNF format 400 illustrated in
FIG. 4 is for illustration only. FIG. 4 does not limit the
scope of this disclosure to any particular implementation
of the example of SMNF format 400.

[0098] In another variant of one or more of the embodi-
ments described above, the SMNF can be conveyed using
new information fields in the multi-link element that is
transmitted in existing management frames such as the
probe response frame, beacon frame etc. In this embodi-
ment, the muting can be referred to as AP unavailability,
and can be notified by including new optional subfields in
the Common Info field and/or the Link Info field of the
multi-link element. For example, the indication of AP una-
vailability of a first AP of an AP MLD can be carried in the
¢ AP Unavailability parameters’ of the Common Info field of
the Multi-link element transmitted by a first AP as shown in
FIG. 4. An indication of the presence of this optional AP
Unavailability parameters field in the Common Info field
can be conveyed using the “AP Unavailability Parameters
Present” bit in the presence bitmap subfield of the multi-
link control field of the basic multi-link element transmitted
by the first AP.

[0099] FIG. 5 illustrates an example of SMNF format as
subfields of the Link info field of the Multi-link element
according to embodiments of the present disclosure. The
embodiment of the SMNF format 500 illustrated in FIG. §
is for illustration only. FIG. § does not limit the scope of this
disclosure to any particular implementation of the example
of SMNF format 500.

[0100] In addition, an indication of the AP unavailability
for the first AP of the AP MLD may also be carried in the
‘AP Unavailability parameters’ of the ‘STA info subfield’ of
the ‘Link Info field’ of the ‘per STA profile sub-element’
corresponding to the first AP, that is included in the Link
Info field of the Multi-link element transmitted by a second
AP of the same AP MLD as shown in FIG. 5. An indication
of the presence of this optional AP Unavailability para-
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meters field in the ‘STA Info field” of a ‘per STA profile
sub-element’ can be conveyed using the “AP Unavailability
Parameters Present” bit in the ‘STA control subfield’ of the
same ‘per STA profile sub-element’ .

[0101] In one example, the information in the ‘AP Una-
vailability parameters’ in Tables 9 and 10 can be an ‘AP
unavailability count’ and an ‘AP Unavailability duration’
as shown below. The ‘AP unavailability count’ can be of
length 1 octet and be measured in TBTTs and can indicate
the time till the start of the upcoming AP unavailability. The
value can be set to 0 when the AP is already unavailable.
The ‘AP Unavailability duration’ can either be of length 2
octets, can be measured in TUs or TBTTs and can indicate
the remaining duration of the AP unavailability. If the dura-
tion is unknown, the value may be set to 65535. When the
‘AP unavailability count’ is > 0, then the ‘AP unavailability
duration’ indicates the duration of the upcoming AP una-
vailability. When the ‘AP unavailability count’ = 0, then
the ‘AP unavailability duration’ may indicate the remaining
duration of the AP unavailability.

Format of AP unavailability Parameters

AP unavailability count AP unavailability duration

1 octet 2 octets

[0102] In one embodiment, the start of the unavailability
or the end of unavailability of an AP of an AP MLD shall be
considered as a critical update thus causing an increase in
the Check beacon field that is transmitted in the next beacon
frames and TIM frames by any AP of the same AP MLD.
When an AP of an AP MLD is unavailable, the correspond-
ing link shall not be used for any frame exchange by any of
its BSS members affiliated with the AP. An AP MLD may
announce the unavailability of an AP ahead of time by
including the “AP unavailability parameters” in the multi-
link elements transmitted by all its affiliated APs. The AP
MLD may notify the unavailability ahead of time such that
all STAs affiliated with the AP to be unavailable have an
opportunity to decode a beacon frame containing such an
indication. After a first AP becomes unavailable, the other
APs of the same AP MLD my transmit the “AP unavailabil-
ity parameters” in the link info field of the multi-link ele-
ment transmitted by them (as shown in FIG. 5), with the AP
unavailability count set to 0 and the AP unavailability dura-
tion indicating the remaining estimated time of the unavail-
ability. An AP that is unavailable that was announced with
the ‘AP unavailability duration’ subfield of the ‘AP unavail-
ability Parameters’ field set to 65535, may be enabled by the
AP MLD on or before the expiry of the time indicated in the
Link Disablement Duration field. After the end of an AP
unavailability, which can be inferred from the expiry of the
indicated time in the AP unavailability duration, or from an
increment to the BSS check beacon field, any member of the
BSS that is affiliated with the AP MLD can initiate transmis-
sions on the link with the AP of the MLD. In one embodi-
ment, after the AP resumes operation on a link after the end
of a link unavailability, it may interpret all the associated
STAs to be in the doze state.

[0103] In one embodiment, only one AP of an AP MLD
may become unavailable at one time, i.e., the unavailable
times are non-overlapping across the different APs of an
AP MLD. In this case, the STAs which are associated with
the AP MLD on only the link to become unavailable may be
disassociated by either the AP or the STAs, or the AP may
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use a base-station transition management procedure for such
STAs before the start of the unavailability period. In another
embodiment, more than one AP of an AP MLD can become
unavailable simultaneously. In this case, all STAs which are
associated with the AP MLD on only the links which are
scheduled to become unavailable may be disassociated by
either the AP or the STA, or the AP may use a base-station
transition management procedure for such STAs before the
start of the unavailability. In yet another embodiment, an AP
of an AP MLD may not be scheduled to become unavailable
if there are some associated STAs that are only associated
with the AP MLD via this AP (excluding APs of AP MLD
that are already currently unavailable).

[0104] FIG. 6 illustrates an example of a flow diagram
depicting the SMNF transmission and operation for an AP
MLD 600 according to embodiments of the present disclo-
sure. The embodiment of the flow diagram depicting the
SMNF transmission and operation for an AP MLD 600 illu-
strated in FIG. 6 is for illustration only. FIG. 6 does not limit
the scope of this disclosure to any particular implementation
of the flow diagram depicting the SMNF transmission and
operation for an AP MLD 600.

[0105] Asillustrated in FIG. 6, at step 602, the AP MLD is
configured to indicate an intent to mute a link. At step 604,
the SMINF is transmitted with appropriate muting fields and
parameters. At step 606, a determination is made whether
the indicated start time has elapsed. If the indicated start
time has not elapsed, then the flow reverts to step 604. If
the indicated start time has elapsed, then at step 608, the
link is muted and the remaining duration of unavailability
is indicated. At step 610, a determination is made whether
the indicated mute duration or remaining duration of una-
vailability has elapsed. If the indicated mute duration has
elapsed, then at step 612, the link is unmuted or enabled
and an indication of such is provided. If the indicated mute
duration has not elapsed, then at step 614, a determination is
made whether there is an intent to unmute. If there is an
intent to unmute, then the link is unmuted and an indication
of such is provided at step 612. If there is not an intent to
unmute, then the flow reverts back to step 608.

[0106] FIG. 7 illustrates an example of a flow diagram
depicting the SMNF transmission and operation for a non-
AP MLD 700 according to embodiments of the present dis-
closure. The embodiment of the flow diagram depicting the
SMNF transmission and operation for a non-AP MLD 700
illustrated in FIG. 7 is for illustration only. FIG. 7 does not
limit the scope of this disclosure to any particular imple-
mentation of the flow diagram depicting the SMNF trans-
mission and operation for a non-AP MLD 700.

[0107] As illustrated in FIG. 7, at step 702, the SMNF is
received with appropriate muting fields and parameters. At
step 704, a determination is made whether muting is applic-
able and appropriate action is taken if needed. At step 706, a
determination is made whether the indicated start time has
elapsed. If the indicated start time has not elapsed, then the
flow reverts to step 704. If the indicated start time has
elapsed, then at step 708, a muted link with the disclosed
parameters is expected. At step 710, a determination is
made whether the indicated mute duration has elapsed. If
the indicated mute duration has elapsed, then at step 712,
normal operation is resumed on the link. If the indicated
mute duration has not elapsed, then at step 714, a determi-
nation is made whether an unmuting indication has been
received. If an unmuting indication has been received, then
normal operation is resumed on the link at step 712. If an
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unmuting indication has not been received, then the flow
reverts back to step 708.

[0108] In another embodiment, a new information element
can be added to the element list which enhances the existing
Quiet Element. Such an element can be included in any
broadcast management frame like in beacon frames. It can
also be transmitted in individually addressed frames like
probe response or association response frames. An example
element ID for the new element is illustrated in Table 11. In
addition to the existing elements that are used in the quiet
element, a new field of priority can be provided to help the
DA determine if it has to comply with the quieting request.
An example embodiment format of the new Prioritized
Quiet Element is defined in Table 12. The quiet count is a
measure of the number of TBTT to the start of the muting
duration. The quiet offset may convey the number of time
units (TUs) between the start of the muting and the preced-
ing beacon transmit time. The priority field values can be
similar to the ones in Table 5.

TABLE 11

Embodiment ID fields
Element Element ID

Fragmenta-

Element D extension Extensible ble
Prioritized 47 NA No No
Quiet

TABLE 12
Embodiment of Service Muting Notification Frame format
Element Quiet Quiet Quiet Quiet
D Length  Count Period Duration Offset Priority
1 octet 1 octet 1 octet 1 octet 2 octet 2 octet 1 octet

[0109] FIG. 8 illustrates a flow chart of a method 800 of
wireless communication performed by an AP MLD, as may
be performed by an AP such as AP 101, according to embo-
diments of the present disclosure. The embodiment of the
method 800 illustrated in FIG. 8 is for illustration only.
FIG. 8 does not limit the scope of this disclosure to any
particular implementation.

[0110] As illustrated in FIG. 8, the method 800 begins at
step 802. In step 802, the AP MLD (e.g., 101-103 as illu-
strated in FIG. 1) generates an information element (IE)
configured to indicate unavailability of a link, the IE
included in a broadcast frame, the IE comprising an indica-
tion of a duration of link disablement.

[0111] Instep 804, when a value of the indicated link dura-
tion has elapsed, the AP MLD enables the link.

[0112] In step 806, the AP MLD transmits the broadcast
frame that included the IE.

[0113] In one embodiment, the AP MLD transmits the
broadcast frame that includes the IE indicating a remaining
duration of the link disablement.

[0114] In one embodiment, the AP MLD transmits the
broadcast frame that includes the IE indicating a reduced
duration of the link disablement.

[0115] In one embodiment, the IE further comprises an
indication of links to which all or a subset of affected traffic
identifiers (TIDs) are re-mapped, and the AP MLD re-maps
TIDs corresponding to the indicated links.

[0116] In one embodiment, the IE further comprises an
indication that the link disablement is for both an uplink
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and a downlink, and the AP MLD disables the link based on
the link disablement indication.

[0117] In one embodiment, the IE further comprises an
indication of one or more link identifiers (IDs) to be dis-
abled, and the AP MLD disables one or more links corre-
sponding to the indicated one or more link IDs.

[0118] In one embodiment, the IE further comprises an
indication of traffic identifiers (TIDs) associated with a des-
tination address (DA) to be disabled, and the AP MLD dis-
ables traffic corresponding to the indicated TIDs.

[0119] FIG. 9 illustrates a flow chart of a method 900 of
wireless communication performed by a non-AP MLD, as
may be performed by a non-AP MLD such as STA 111,
according to embodiments of the present disclosure. The
embodiment of the method 900 illustrated in FIG. 9 is for
illustration only. FIG. 9 does not limit the scope of this dis-
closure to any particular implementation.

[0120] As illustrated in FIG. 9, the method 900 begins at
step 902. In step 902, the non-AP MLD (e.g., 111-114 as
illustrated in FIG. 1) receives an information element (IE)
configured to indicate unavailability of a link, the IE
included in a broadcast frame, the IE comprising an indica-
tion of a duration of the link disablement.

[0121] In step 904, the non-AP MLD determines that dis-
ablement of the link will occur.

[0122] In step 906, when a value of the indicated duration
of the link disablement has elapsed, the transceiver is con-
figured to receive an indication that the link has been
enabled.

[0123] In one embodiment, the non-AP MLD receives the
broadcast frame that includes the IE indicating a remaining
duration of the link disablement.

[0124] In one embodiment, the non-AP MLD receives the
broadcast frame that includes the IE indicating a reduced
duration of the link disablement.

[0125] In one embodiment, the non-AP MLD receives the
broadcast frame that includes the IE indicating links to
which all or a subset of affected traffic identifiers (TIDs)
are re-mapped, and receives an indication that TIDs corre-
sponding to the indicated links have been re-mapped.
[0126] In one embodiment, the non-AP MLD receives the
broadcast frame that includes the IE indicating that the link
disablement is for both an uplink and a downlink, and
receives an indication that the link has been disabled based
on the link disablement indication.

[0127] In one embodiment, the non-AP MLD receives the
broadcast frame that includes the IE indicating one or more
link identifiers (IDs) to be disabled, and receives an indica-
tion that one or more links corresponding to the indicated
one or more link IDs have been disabled.

[0128] In one embodiment, the non-AP MLD receives the
broadcast frame that includes the IE indicating traffic iden-
tifiers (TIDs) associated with a destination address (DA) to
be disabled, and receives an indication that traffic corre-
sponding to the indicated TIDs has been disabled.

[0129] The above flowcharts illustrate example methods
that can be implemented in accordance with the principles
of the present disclosure and various changes could be made
to the methods illustrated in the flowchart. For example,
while shown as a series of steps, various steps could overlap,
occur in parallel, occur in a different order, or occur multiple
times. In another example, steps may be omitted or replaced
by other steps.

[0130] Although the present disclosure has been described
with an exemplary embodiment, various changes and mod-
ifications may be suggested to one skilled in the art. It is
intended that the present disclosure encompass such
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changes and modifications as fall within the scope of the
appended claims. None of the description in this application
should be read as implying that any particular element, step,
or function is an essential element that must be included in
the claims scope. The scope of patented subject matter is
defined by the claims.

What is claimed is:

1. An access point (AP) multi-link device (MLD)
comprising:

a transceiver; and

aprocessor operably coupled to the transceiver, the proces-
sor configured to generate an information element (IE)
configured to indicate unavailability of a link, the infor-
mation element comprising:
an indication of a duration of link disablement; and
when a value ofthe indicated duration of the link disable-

ment has elapsed, enable the link,

wherein:
the IE is included in a broadcast frame, and
the transceiver is configured to transmit the broadcast

frame.

2. The AP MLD of claim 1, wherein the transceiver is
further configured to transmit the broadcast frame that
includes the IE indicating a remaining duration of the link
disablement.

3. The AP MLD of claim 1, wherein the transceiver is
further configured to transmit the broadcast frame that
includes the IE indicating a reduced duration of the link
disablement.

4. The AP MLD of claim 1, wherein:

the IE further comprises an indication of links to which all
or a subset of affected traffic identifiers (TIDs) are re-
mapped, and

the processor is configured to re-map TIDs corresponding
to the indicated links.

5. The AP MLD of claim 1, wherein:

the IE further comprises an indication that the link disable-
ment is for both an uplink and a downlink, and

the processor is configured to disable the link based on the
link disablement indication.

6. The AP MLD of claim 1, wherein:

the IE further comprises an indication of one or more link
identifiers (IDs) to be disabled, and

the processor is configured to disable one or more links cor-
responding to the indicated one or more link IDs.

7. The AP MLD of claim 1, wherein:

the IE further comprises an indication of traffic identifiers
(TIDs) associated with a destination address (DA) to be
disabled, and

the processor is configured to disable traffic corresponding
to the indicated TIDs.

8. A non-access point (AP) multi-link device (MLD)

comprising:

a transceiver configured to receive an information element
(IE) configured to indicate unavailability ofa link, the [E
included in a broadcast frame, the IE comprising:
an indication of a duration of the link disablement; and

aprocessor operably coupled to the transceiver, the proces-
sor configured to determine that disablement of the link
will occur,

wherein when a value of the indicated duration of the link
disablement has elapsed, the transceiver is configured to
receive an indication that the link has been enabled.

9. The non-AP MLD of claim 8, wherein the transceiver is

further configured to receive the broadcast frame thatincludes
the IE indicating a remaining duration of the link disablement.
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10. The non-AP MLD of claim 8, wherein the transceiver is
further configured to receive the broadcast frame that includes
the TE indicating a reduced duration of the link disablement.

11. The non-AP MLD of claim 8, wherein:

the transceiver is further configured to receive the broadcast

frame that includes the IE indicating links to which all or
a subset of affected traffic identifiers (TIDs) are re-
mapped, and

the processor is configured to receive an indication that

TIDs corresponding to the indicated links have been re-
mapped.

12. The non-AP MLD of claim 8, wherein:

the transceiver is further configured to receive the broadcast

frame thatincludes the IE indicating that the link disable-
ment is for both an uplink and a downlink, and

the processor is configured to receive an indication that the

link has been disabled based on the link disablement
indication.

13. The non-AP MLD of claim 8, wherein:

the transceiver is further configured to receive the broadcast

frame that includes the IE indicating one or more link
identifiers (IDs) to be disabled, and

the processor is configured to receive an indication that one

or more links corresponding to the indicated one or more
link IDs have been disabled.

14. The non-AP MLD of claim 8, wherein:

the transceiver is further configured to receive the broadcast

frame that includes the IE indicating traffic identifiers
(TIDs) associated with a destination address (DA) to be
disabled, and

the processoris configured to receive an indication that traf-

fic corresponding to the indicated TIDs has been
disabled.
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15. A method of wireless communication performed by an
access point (AP) multi-link device (MLD), the method
comprising:

generating an information element (IE) configured to indi-

cate unavailability of a link, the IE included in a broad-
cast frame, the [E comprising an indication of a duration
of link disablement;

when a value of the indicated duration of the link disable-

ment has elapsed, enabling the link; and

transmitting the broadcast frame.

16. The method of claim 15, further comprising transmit-
ting the broadcast frame that includes the IE indicating a
remaining duration of the link disablement.

17. The method of claim 16, further comprising transmit-
ting the broadcast frame that includes the IE indicating a
reduced duration of the link disablement.

18. The method of claim 15, further comprising:

indicating traffic identifiers (TIDs) associated with a desti-

nation address (DA) to be disabled, and

disabling traffic corresponding to the indicated TIDs.

19. The method of claim 15, further comprising:

indicating links to which all or a subset of affected traffic

identifiers (TIDs) are re-mapped; and

re-mapping TIDs corresponding to the indicated links.

20. The method of claim 15, further comprising:

indicating one or more link identifiers (IDs) to be disabled;

and

disabling one or more links corresponding to the indicated

one or more link IDs.
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